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EDITOR'S PREFACE.

IN the present volume the purpose of the authors has been to present a

measurably comprehensive view of the Constructive Arts by devel-

oping as logically as possible, in their historic order, the numerous
themes involved in a subject so extensive, and by calling to aid the art of

illustration wherever the topic could be better elucidated therewith.

The scope of the work comprises the consideration of the materials em-
ployed by the constructor, and of the methods and processes by which these

materials—assumed in this scheme to be finished and ready to the hand—are

directly utilized and adapted to the requirements of man. The technology

of the mining, metallurgical, and mechanical arts, by which these materials

have been extracted from the earth, separated from their combinations,

and fashioned into useful forms, is excluded as far as is consistent with

lucidity of description. Moreover, as the volume is restricted to the prac-

tical portion of the arts of construction, with especial reference to the use-

ful purposes they are designed to subserve, the consideration of the aesthetic

element is likewise excluded except where it has been necessary to intro-

duce it incidentally.

The subjects presented for consideration naturally fall into two general

divisions

—

Building and Engineering.
Building, in the limited signification of the term—that is, the creation

of artificial structxires for shelter—naturally precedes, in the historical de-

velopment of the subject, the more advanced theme of engineering con-

struction. Under the general division devoted to building the practical

details of the construction of dwellings and of buildings for public pur-

poses are treated of from the standpoint of the uses they are designed to

serve, in which connection consideration has been given not only to the

relations of the various elements and parts of these structures, and to the

division of the interior of the same into spaces and apartments in the man-

ner best adapted to secure the greatest degree of suitability and conveni-

ence, but also to the important element of securit3^ In these considera-

tions the aesthetic element—which relates to what is popularly called the

"architectural" style—could not be wholly excluded; but such considera-

tion as it has received is wholly subordinated to the more important feature

of utility.

The ends to be accomplished in the production of engineering works

are to provide means of establishing and facilitating intercourse, partly by

the creation of highwavs by which the natural and manufactured products

of one region may rapidly and safely be transported to another; partly by
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administering to the commercial requirements upon which the existence,

and especially the growth, of great cities depend as centres for the promo-

tion of the industries, the arts, and sciences by the provision of works for

water-supply and drainage, paved streets, means of rapid transit, etc. ; and

partly by contributing to the general material interests of nations and the

mutual interchange of the arts of civilization.

The means of intercommunication above referred to may be provided

either upon land or by water, and accordingly the construction of roadways,

railways, and hydraulic works constitutes the several branches of engineer-

ing with which the present work is concerned. In close relation to the

foregoing stands the art of bridge construction, which is given its full

share of consideration. The bearing of the modern art of telegraphy and

its congeners in facilitating intercommunication and contributing to the

celerity of trafl&c is too important to be overlooked, and accordingly the

principal facts in connection with this branch of applied science have been

duly considered.

In all the divisions of the work the effort has been made to present the

subjects treated of in as comprehensive a manner as possible, omitting un-

essential details and giving only the substantial and essential general feat-

ures, in terms as concise as possible with proper regard to lucidity of de-

scription. Technical terms liave been avoided as far as practicable, that

the general reader may be able intelligently to read and comprehend de-

scriptions which in strictly technical works are to him frequently rendered

quite useless. The illustrations have been selected and prepared with

great care, and with the view not only of aiding in the comprehension of

the more technical subjects, but also of presenting in picture the appear-

ance of many notable building and engineering structures.

While the text is based on the German of the Bilder-Atl.\S, the trans-

lation from that work is confined exclusively to subjects illustrated by the

thirty double-page plates. The thirty-two single-page plates have been

prepared expressly for this volume at the suggestion of the Editor, who
has furnished the accompanying text, in which a great variety of topics

not found in the original have been considered, and which will be of espe-

cial interest to all who desire accurate information relative to recently-

invented appliances and new methods in the constructive arts. This addi-

tional material, it is believed, will fairly represent the best features of

recent practice.

William H. Wahl.

PmiJVDELrHiA, April, 1S89.
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CONSTRUCTIVE ARTS.

PART I.

BUILDING.

^"P^HE subject that will occupj' our attention in the following sections

I relates strictly to the mechanical operations involved in carrying

into effect the plans of the designer or architect; in other words, we
shall concern ourselves with the strictly practical or mechanical parts of

architecture, as distinguished from its aesthetic features. The latter form

the subject of a separate volume, to which the reader is referred.

The mechanical operations herein embraced involve, in addition to the

selection of the plan with proper reference to the ground which the build-

ing shall occupy, the preparation of foundations; the installation of appli-

ances for the proper drainage of the building; the details of the superstruc-

ture, embracing the methods of constructing walls of natural and artificial

materials (wood, stone, brick, concrete, etc.); the construction of roofs and

of the gutters thereon with suitable connections to dispose promptly of the

water received upon them; the proper arrangement of flues for heating and

ventilation; the construction of partition-walls, floors, ceilings, and other

interior details; the use of suitable methods for protecting the various por-

tions of the building from deterioration by dampness, from destruction by

fire, and from natural or special causes of decay, etc.

The proper execution of these mechanical details demands on the part

of the builder an expert familiarity with every portion of the practical work
involved in the construction of buildings, including, also, such knowledge

of the value of materials and labor as will enable him intelligently to esti-

mate in advance the actual cost of the intended structure.

I. Principles of Construction.

Planning.—The first task to be performed in connection with the erec-

tion of a building is to form an approximately accurate conception of its

characteristics. In works of a complex nature, especially if they have

features embodying novel arrangements or artistic effects, an architect is
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usually employed, and one of his first duties is to furnish a plan or design

which shall represent as closely as possible, in specially convenient and

economical modifications, the leading ideas of the projector. In the mass

of buildings, however, most of the details of adjacent structures or of

printed descriptions are closely imitated, and such aids leave little necessity

for planning except in reference to matters about which the advice of com-

petent contractors or constructors furnishes all necessary information.

In the planning of any building-structure the builder will be guided

primarily by the uses it is intended to subserve, then by the nature and

area of the available site on which it is designed to erect it; and it will be

obvious that that plan will be best which, with the proper regard for the

foregoing considerations, combines the highest degree of fitness and con-

venience with the lowest cost. In many cases, however, the sesthetic feat-

ure enters as an element of greater or less importance. But, while this

should receive due consideration, the architectural design should always

be subordinated to the prime conditions above noted, and it is universally

held to be evidence of the correct use of the principles that should be fol-

lowed in the application of architectural design when the building exhib-

its at a glance the purpose for which it is intended.

Substructure: Foundations.—The term "foundation" is properly re-

stricted to that part of an edifice which is intended to serve exclusively as

the basis upon which to erect the superstructure, the word being frequently

applied to that portion of ground which supports the building, and also to

the various artificial arrangements prepared to support the base, which lat-

ter would be more properly termed the "foundation-bed." Solidity of

base is the primary consideration, and the main object is to insure the sta-

bility of the superstructure by preventing any movements of its parts after

completion. As, however, nearly all soils are to some extent compressible

underweight, and as works of masonrj' settle slightly, it would be more ex-

act to say that the builder exerts his art to insure that this settlement may
be unimportant and uniform rather than in the hope of preventing it en-

tirely. The condition and the quality of the soil to be built upon demand
primary consideration in determining the character of the foundation, and
the firmness of the ground should be thoroughly tested.

Condition and Quality of Soils.—Foundations can be considered under

two general classes—those constructed in a natural soil capable of bearing

the weight of the intended superstructure, and those in situations where
the conditions of the soil necessitate the creation of an artificial support.

To determine the quality of the soil in ordinary circumstances, when exca-

vations such as wells and culverts have not already revealed the conditions,

it is only necessary to dig a pit in order to examine the strata. A bed of

firm soil from 2 to 4 feet in thickness immediately below the foundation is

sufficient to support any ordinary structure, even though it should be under-

laid, in turn, by a much softer stratum. When a greater stability is deemed
essential for important edifices, the nature of the subsoil can be ascertained

by the introduction of the auger-pump, or other means of boring.
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Foundations in Compact Soil.—In compact and stony earths, such as

sand and gravel, foundations are dug from 4 to 6 feet in depth, in order to

reach below the action of frost, and, when necessarj-, drains are required

to carry off all surface-water. Strong gravel is considered as one of the

best soils, being easily levelled, almost incompressible, and unaffected by

exposure to the atmosphere. Sand has also the advantage of incompressi-

bility, but demands special treatment on account of its want of cohesion.

In proceeding with the walls it is necessary to give them a bearing greater

than their own width, in order to distribute the weight over a greater sur-

face. This increased width in the foundation-courses is styled the

"spread" or "footing." When the soil is as firm as the principal con-

stituent of the wall itself, it is not necessar\- to give much width to this

spread. In firm earth it is usually made one and a half times the width

of the wall, and in sand and ordinary soil twice that width. Clay soil,

even when sufficiently firm, is affected by water, and the bed should be

prepared by digging a trench to drain the ground. The foundation must

also go below the frost-line, as clay soils are much affected by cold and

should be protected from exposure to the weather as much as possible.

Foundations in Soft Soil.—In the second order of foundations a soft soil

demands the introduction of an artificial bearing-stratum. In this case the

first requirement is a trench of sufficient depth to permit the footing of the

walls to reach below the action of rain and frost. The bottom of this

trench can be covered with a bed of stones well rammed down and covered

with concrete. Sand is also used, and is remarkably well fitted for the pur-

pose of a foundation-bed, as it distributes the pressure both vertically and

horizontally. One of the most common methods of making a foundation-

bed in loose ground is by driving wooden piles into the soil and building

the foundation-walls upon them. Straight-grained timbers are required for

this purpose, the preferred woods being fir, beech, oak, Florida yellow

pine, spruce, and hemlock. A modern substitute for wooden piles, both

for economy and service, is the pile made of sand. When the soil is not

very loose and wet, holes can be made in the bottom of the trench about

6 feet deep and 6 or more inches in diameter, and filled with damp sand

well rammed down, which transmits the vertical pressure over a larger sur-

face of the underlying soil than can be effected by the use of wooden piles.

A bed of masonry or concrete should cover the ground above the.se piles,

to prevent the sand being forced upward, and upon this bed the foundation-

walls can be placed.

Concrete Foundations.—In many places concrete is superseding every

other form of artificial foundation, because of its cheapness and conveni-

ence. Ramming of concrete, when thoroughly done, consolidates the mass

five or six per cent., rendering it less porous and very materially stronger.

Concrete has also proved of great utility in the erection of foundations and

walls beneath water, modern ingenuity having invented a species of box

in which it can be let down into the depths, where a pin drawn out by a

rope reaching to the surface permits the side of the box to swing out an'"''

Vol. v.—
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deposit the concrete upon the very spot where it is required. Concrete is

useful in filling in cavities in rock and in bringing up uneven foundations

to a level for the support of masonry. In making foundations in compressi-

ble soil it is sometimes found possible to extend excavations through it to

a firmer stratum beneath, but this often involves great expense.

Fonndation-~valls.—In beginning the foundation-walls of a building,

the spreads or footing courses, already mentioned, are of essential import-

ance as a means of distributing the weight over an increased surface and

diminishing vertical settlement. They should be securely bonded into the

bodv of the work, and of sufficient strength to resist any cro.ss strains to

which they may be subjected. Footings of undressed rubble should always

be laid in cement plaster to form a solid mass. Bricks used for courses

should be of the hardest and strongest quality, and the bottom course

should invariably be double. Foundation-walls, always starting below the

line of frost, should be made as compact as possible. The bottom courses

are frequently laid dry, and the rest in cement mortar. When composed

of stone, they should never be less than 20 inches thick; and if of brick,

not less than 12 inches thick. In wooden buildings a foundation-wall,

when of brick, is generally 12 inches thick, and when of rubble, 18 inches

or more.

Drainage.—As a general term, "drainage " is used to express the mode
in which the waters of a country pass off by its streams and rivers; but

when used in connection with building, it is restricted to the drains and

sewers by which water is removed from cities and all works erected by
builders. The system as adopted for cities and towns is usually distin-

guished as "sewerage"—a term u.sed also, improperly, to express the

material collected and discharged by sewers and drains. For convenience

in discrimination, the material collected is now generally termed "sew-
age." The art of freeing land from superfluous water by artificial means
has long been practised b}- various methods of ditching. Drains made of

tiles have been used most successfully in the reclamation of wet lands,

which then become more productive to tillage. A concave bottom for all

kinds of drains is found to facilitate the discharge of the contents and pre-

vent the accumulation of impurities.

Drain-pipes.—By modern improvements, drain-pipes of hard vitreous

substance are introduced wherever possible, as not being susceptible of any
chemical action from the sewage, and as being little affected by frost.

Pipes or hollow cylinders of terra-cotta and well-burnt glazed stoneware
make efficient house-drains, and are put together with great accuracy with
sockets, so as to fit spigot and faucet fashion, removable tops being arranged
to give access to the interior when required. IModern science has been
applied extensively to improvements in drainage, and minute investigation

devoted to various questions of foundation, incline, securing action of flow,

and every particular of ventilation and security. Estimates of rainfall over
given areas have also necessarily entered into the computation of competent
supplies of drainage facilities, with careful consideration of all obstacles,



Construction.] BUILDING. 19

both natural and artificial, which present hindrances to effectual service.

In using pipes for drains, the capacity should be abundantly large for any
possible flow, a bore of not less than 6 inches being advised by some
authorities. Among the various drain-pipes nowu.sed, the slip-glazed clay

pipe is composed of fire-clay glazed with a species of clay called "slip."

Other pipes are glazed by the vapor of salt thrown into the fire during the

manufacture and chemically uniting with the clay, which vitrifies under
the intense heat into a glassy, impenetrable coating.

Sewers.—By ordinary usage, a sewer designates a drain constructed

under the streets of a city to carry off the surface-water, and also liquid

refuse matter from the houses. Large sewers accessible at the ends or from

special entrance-places, termed man-holes, are made circular, elliptical, or

egg-shaped, the latter shapes being preferred as permitting greater height

in proportion to the capacity. A rate of fall of i inch in 10 feet is consid-

ered desirable, though less suffices for a main sewer. The large sewers

have been built usually of brick, the smaller ones being of glazed stone-

ware. Cement for the composition of sewer-pipes has been objected to as

not suflSciently uniform in quality and not sufficiently durable for large

constructions. To secure unyielding foundations for large sewers and cul-

verts under high embankments and in soft ground where great pressure

may occur, inverted arches or beds of masonry are inserted within the

walls to strengthen the structure. Beds of gravel, sand, or broken stone

are also placed as foundations beneath culverts. The substitution of

smaller earthenware pipes for the larger brick sewers has been found

advantageous in increasing the rapidity of the flow of material, and thus

decreasing the amount of foul gas produced by decomposition.

The catch-pools built at corners of the street receive the surface-water

from gutters, and, leading it into the sewers, assist in flushing them. The
ventilation of sewers has been much considered, and various methods of

gratings in streets have been introduced, and experiments have been made
in the use of ventilating shafts by means of tall lamp-posts and chimney-
flues. The deodorizing of sewers has been the subject of many experi-

ments, but on account of the great volume of material to be treated it is

found impracticable to employ chemical substances for the purpose, and
frequent flushing is the proper and efficient remedy.

l^cntilating Pipes and Traps.—The danger consequent upon the admis-

sion of sewer-gases into dwelling-houses has been brought so forcibly to

public attention of late years that preventive methods have been the sub-

ject of general and scientific consideration. Ventilating pipes carried

above the roofs of buildings have been largely relied upon for sanitary

eflfects, and traps have been connected with waste-pipes to prevent the in-

trusion of the gas. Various devices make special claims on the score of

cleanliness, effectiveness of sealing qiiality, and protection against siphon-

ing, the latter appearing to be the most serious obstacle to the effective

operation of these traps in general. Security against evaporation and satu-

ration by the absorption of gases from beneath has been a special matter
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for consideration. Traps of glass with metal covers have been designed

expressly for connection with washbasins, bathtubs, sinks, etc., witli the

object of preventing any entrance of gas from below by the interposition

of a body of water or other fluid, or by mechanical means.

Superstructure: Object of Construction.—The nature of the object to be

attained deeply affects the selection of material and modes of construction.

The diversity of purposes is increased by differences in economic conditions

and surrounding circumstances. In tlie United States, fluctuations in for-

tune have been so numerous and frequent that with many men the opera-

tion of constructing at one period of their lives a dwelling intended for

personal use would have differed widely from an undertaking having the

same object in view commenced at another stage of their career. Differ-

ences in locality or latitude, and relative scarcity or abundance of particu-

lar kinds of material or of experts in various branches of the building

trades, may also materially affect either the cost or the practicability of

completing a structure within a given period. Considerations relating to

such matters should receive due attention, and incite the formation of defi-

nite ideas, in advance of the commencement of construction.

Stability of Walls.—A leading purpose in the construction of walls is

to insure their stability—at least, during the period of their probable use-

fulness. In the United States, the process of tearing down one set of

buildings that they may furnish the site for improved structures has been

conducted on so extensive a scale, that stability, in the sense of securing

the greatest possible prolongation of usefulness, has frequently not recei\-ed

the degree of attention devoted to it in many other countries; on the other

hand, some of the latest structures of extensive proportions represent extra-

ordinary efforts to insure stability. As buildings are commonh' constructed,

the walls are usually much the most durable portions of the structure,

unless there has been exceptionally bad workmanship or inferiority and

insufficiency of materials. Cases have unfortunately not been unknown
in which large portions of walls have given way imder pressures or adverse

conditions which tliey should have been capable of resisting, and instances

are too common in which the reaction from unnecessarily thick walls has

been carried to a dangerous extreme, or in which deplorably inferior mate-

rial has been used. To insure the essential degree of stability, it is neces-

sary that an upright wall should be properly constructed upon a sufficient

foundation, and that due precautions should be taken against the effect of

pressures created by various parts of a building.

Selection of Materials.—The selection made of the different materials

in general use, including stone, brick, timber, and iron, and tlie respective

merits of the particular supplies introduced, affect stability. It is supposed
that a brick wall properly constructed is a better basis for a stable structure

than stone in the form of rubble, but that the most perfect stability is to

be obtained from carefully-dressed and accurately united and bonded blocks
of stone, mortar being used to no greater extent than is necessarv to exclude
wind and water. Various kinds of stone, however, differ widely in their
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durability aud their power of resisting the effects of intense heat. In the

selection of stone fitted for general construction, desirable qualities are rela-

tive freedom from a tendency to absorb moisture and comparative ease in

working or dressing into appropriate sizes and shapes.

Thickness of Walls.—A leading consideration in the determination of

the thickness of walls is their height. But other conditions affect this

subject, such as the extent to which the main wall is strengthened, and

the necessity for thickness diminished, by chimney-breasts or other but-

tress-like projections, and the extent to which the main wall is weakened
b}' spaces devoted to door and window openings or by subjection to unusual

pressures. The thickness of walls required in the erection of dwelling-

houses and buildings other than dwellings is prescribed by laws enforcible

in some of the leading cities of the United States. The provisions of the

statutes applicable to the city of New York include the following: For a

dwelling-house in which the height of walls is not to exceed 55 feet, the

thickness of the foundations if of stone must be not less than 20 inches, and

if of brick not less than 16 inches. The thickness of the external and

party walls must be not less than 12 inches. For dwelling-houses exceed-

ing 55 feet, but not exceeding 80 feet, stone foundations must be not less

than 24 inches in thickness, and brick foundations not less than 20 inches;

the exterior wall must be not less than 16 inches thick to the top of the

second floor, and 12 inches thick in the remaining height, if it is not more
than 40 feet, and party-walls must be not less than 16 inches in thickness.

So far as the requirements relating to dwelling-houses more than 80 feet

high, and buildings other than dwellings, differ from those mentioned

above, they represent an increase in the thickness of foundations and

walls.

Materials: Brick.—In large cities and towns of considerable size bricks

usually form the principal material of the walls of a large proportion of the

buildings erected. Thev varv considerably in size, color, and quality,

some of the differences being caused by variations in the cla}' used, and

others by diversified effects in the process of manufacture. The bricks used

in the Eastern States are of a smaller size than those manufactured in the

Middle and Western States. The usual dimensions of Baltimore-front,

Philadelphia-front, Wilmington-front, and Trenton-front bricks are 8'.( X

45^X23/8 inches. Maine bricks arc 7>^ X 33-^ X 23-8 inches; Milwaukee

bricks are %)/, X 4 1^ X 23-^ inches. Bricks of a nominal size, however, are

subject to variations in dimensions and weight, and in other qualities.

Ordinary London bricks are called 9X41/^ X a^i inches, but they are fre-

quently only 8%X4i^X2/''2 inches. Approximately, bricks possess the

advantage of uniform size and shape, and their power of resisting fire is

much greater than that of some of the stones used. Characteristics of good

bricks are regularity of shape; the emission of a clear ringing sound when
they are struck; the display, when they are broken, of a compact uniform

structure, hard, somewhat glassy, and free from air-bubbles and cracks;

and inability to absorb more than about ofte-fifteenth of their weight of
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water. It is considered a useful jDrecaution carefully to inspect bricks sup-

plied for important buildings, and to reject such as are defective. Com-

pressed bricks have considerably more strength and weight than ordinary

bricks.

Enamelled Bricks^ and Terra-cotia.—A desire to diversify brick fronts

so as to produce decorative effects, is, with other causes, leading to an in-

creased use of various forms of enamelled brick, or brick of different colors,

and terra-cotta moulded in ornamental forms (//. 2., figs, i, 4). In connec-

tion with such uses, terra-cotta is defined as a superior variety of brick, each

piece of which is specially moulded. Quality depends largely upon the

characteristics of the clay used. An advocate of terra-cotta for facing

street-fronts says that when properly burned it is impervious to smoke and

unaffected by acid fumes of any description, is about half the weight of the

lightest building-stones, and is easily moulded into any shape for cornices,

window-sills, architraves, or other purposes. Differences in color, includ-

ing yellow, red, and, when it is glazed, soft browns, greens, reds, or yel-

lows, are attainable. Terra-cotta sometimes forms the substance of drain-

pipes, and of porous blocks used in fire-proof buildings in connection with

iron girders.

Stone.—The stone employed in construction at various times and places

includes a number of varieties in addition to those to which particular ref-

erence is made. In many situations common building-stone serves as the

principal supply for foundations. Changes in the favorite material of

different localities for fronts and entire structures occasionally occur on

account of the opening of new quarries or the discovery of unexpected de-

fects. Some of the latter could presumably be avoided by the exercise of

greater care in the selection of stones from a given quarry. A useful hint

bearing on this subject may be derived from the statement that when Sir

Christopher Wren built St. Paul's Cathedral he had the stone he intended

to use quarried and exposed to the weather on the sea-beach for three years

before any of it was placed in the building. By similar precautions the

stones taken from other quarries have been rendered serviceable for cen-

turies, while on account of their omission, or from other causes, the spec-

tacle of rapid decay or disintegration of portions of pretentions fronts is

sometimes presented in this and other countries.

Granite.—Among materials for superstructure of important buildings,

granite holds a leading rank. In the United States several varieties have

been introduced and used in the construction of large public edifices,

stores, churches, etc. On account of its hardness, special skill in dressing

it is required; but such difficulties have been overcome to a great extent

by the employment of skilful workmen at various places where it is quar-

ried and dressed or ornamented before it is sent to its final destination.

Prominent varieties include the Quincy granites, which have furnished

the material for a large portion of the granite structures in Boston; Maine
granites, embracing red or pink, as well as varieties of other colors; New
Hampshire, or Concord, granites; a granite obtained from quarries located
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near Richmond, Virginia, which furnished the material for several of the

department buildings in Washington. Quarries have also been opened in

Rhode Island, Connecticut, Pennsylvania, Missouri, and other States.

Sandstone.—A number of varieties of sandstone, including brownstone,

have been extensively used in some of the American cities as the material

for the fronts of high-class dwellings and other buildings. The extensive

quarrying of brownstone was commenced, and has been continued during

a protracted period, in the vicinity of Portland, Connecticut. Unlike gran-

ite, it is usually dressed after it has reached the place where it is to be used.

Sandstones of various qualities and colors are obtained in a number of

States, including Massachusetts, New Jersey, Pennsylvania, Maryland,

Ohio, and Wisconsin. In addition to the brownstone of Connecticut,

prominent varieties include bluestones of New York and Pennsylvania and

Euclid bluestones and Berea grits of Ohio. Beautiful sandstones of warm
and mellow tints have been found in many of the Western States and Ter-

ritories.

Limestones are classified as compact, magnesian, or oolitic. In Eng-
land some of these varieties have been extensively used, and in the United

States they have frequently furnished the material for the dwellings erected

in or near limestone districts. English authorities consider that the most

.important subdivision of the limestones used in masonry is the oolitic, and

they place a very high estimate on one of its varieties, the Portland stone,

of which superior specimens were selected for use in St. Paul's Cathedral.

It is one of the few stones unaffected by the smoke of London, and this

fact has greatly increased its use in that city. In the United States, Indi-

ana furnishes superb oolites which are extensively employed. This stone

has a pleasing warm tint and is soft enough to lend itself readily to the

most elaborate ornamentation.

Travertine is defined as a limestone of porous texture formed by depo-

sition from mineral springs. It has a warm color, maybe quarried in large

blocks, and is exten.sively used at Rome, in both ancient and modern build-

ing.s, including the Cathedral of St. Peter's.

Marble.—There is no substantial difference in composition and origin,

in a scientific sense, between ordinary limestone and marble. The notable

extent to which marble has been used in important structures, as the ex-

terior of the Capitol building at Washington, and other exceptionally exten-

sive and costly edifices in the United States, is presumably due partly to

the historic and artistic interest felt in the material, and partly to its inher-

ent beauty, its susceptibility to a high polish, the readiness with which it

can be dressed or fashioned into any desired shape or form, and its attract-

ive varieties in color. Quarries have been opened in Vermont, IVIassa-

chusetts, New York, Pennsylvania, Maryland, Tennessee, and Georgia,

and deposits exist in a number of other States. The annual value of the

native product at a comparatively recent period was about two million dol-

lars, of which more than one-half was quarried in Vermont; considerable

quantities are also imported, chiefly from Italy. A number of the native
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marbles are used principally for general building purposes, instead of deco-

rative work. But marbles found in East Tennessee have attracted much

admiration, and have been introduced to a considerable extent since their

use in portions of the interior of the Capitol at Washington. Their colors

are peculiarly attractive, as they vary from light pink mottled with white

through all shades to deep chocolate red, thus affording a pleasing diversity,

and their texture combines closeness and compactness with nearly absolute

freedom from flaws.

Concrete may be defined as a sort of liquid masonry which, poured from

a height into a mould prepared for its reception, hardens into a mass of

solid stone. The materials generally used in its composition are gravel and

broken stone mixed thoroughly with lime while water is thrown upon the

mass, which while still wann is poured from elevated stages into the

trenches dug to receive it. When work is done very hastily, as the lime

may not be thoroughly slaked and the process may continue with injurious

effects, it is recommended that the concrete, immediately after mixing, be

gently tipped from wheelbarrows into the trench prepared, and rammed

down in layers about a foot in depth. When broken stone or masons'

chips are used for the compound, sharp sand is added. As a general rule,

the pieces of stone should never be larger than a hen's ^%%. Thorough and

careful mixing of the components greatly increases the value. Hydraulic-

lime and the addition of volcanic sand improve its quality, and an excel-

lent composition is formed by the mixture of Portland cement with sand

and gravel.

Timber and Lumber.—Wood in various forms and of sundry kinds con-

tinues to be used extensively in the interior arrangements of nearly all

American buildings, and to furnish the exterior material of a large num-

ber of the dwellings located in rural districts, villages, and towns. The
articles quoted in price-lists of builders' materials include different qualities

of pine, pine boards, pine plank, spruce boards, spruce plank, spruce wall-

strips, spruce timber, hemlock boards, hemlock joist, ash, oak, maple,

chestnut, cypress, black walnut, cherry, whitewood, yellow dressed pine

flooring, yellow pine girders, locust posts, and chestnut posts. Estimates

of the cost of designs for cottages frequently embrace a liberal allowance

for timber bills and for other wooden materials, including those used in

flooring, verandas, balconies, windows, doors, and stairs. A large propor-

tion of the dwellings erected by the early settlers of nearly all localities in

the United States was composed chiefly of wood, and this custom continues

to prevail to a considerable extent, the ordinary course of progression be-

ing from log cabins, frame or weatherboarded houses, to stone or brick

dwellings.

Slrciigth and DitrabilHy of Timber.—It is said that there are certain

indications characteristic of strong and durable timber, which include

the following: (i) In the same species of timber that log will, in general,

be the strongest and the most durable which has grown the slowest, as

shown by the narrowness of the annual rings; (2) The cellular tissue should
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be hard and compact; (3) If the wood is colored, darkness of color is gen-

erally a sign of strength and durability; (4) The freshly-cut surface of the

wood should be firm and shining instead of dull and chalky; (5) In wood

of a given species the heaviest specimens are generally the strongest and

most durable; (6) Among resinous woods those which have least resin, and

among non-resinous woods those which have least sap or guin, in their

pores are generally the best. Superior qualities of timber are free from

such blemishes as clefts or cracks radiating from the centre, cracks which

partiallv separate one annual layer from another, wounds in a layer of the

wood which have been covered or concealed by the growth of subsequent

layers over them, and hollows or spongy pieces in the centre and else-

where, indfcating the commencement of decay.

Grades of Liimber.—The nature of recognized defects in hard-wood

lumber is shown by provisions in the Boston law for the survey of black

walnut and cherry, oak, poplar, and butternut, which require that the

woods be divided into three grades—namely, number one, number two,

and culls. Number one includes all boards, plank, or joist that are free

from rot and shakes and nearly free from knots, sap, and bad taper; the

knots must be small and so far sound that they would not cause waste for

the best kind of work. A board or plank with a split parallel with the

edge of the piece is classed as number one. Number two includes all other

descriptions, except when one-third is worthless. When a board, plank,

or joist contains sap knots, splits, or any other imperfections combined,

making less than one-third of a piece unfit for good work and fit only for

ordinary purposes, it is number two. When one-third is worthless, it is a

cull, or refuse. Refuse or cull hard wood includes all boards, plank, or

joist that are manufactured badly by being sawed in diamond shape smaller

in one part than in another, split at both ends or with splits not parallel,

large and bad knots, worm-holes, sap, rot, shakes, or any imperfections

which would cause a piece of lumber to be one-third worthless or waste.

All hard woods are measured from 6 inches up, and all lumber sawed thin

is inspected as if it were of proper thickness, but is classed as thin and sold

at the price of thin lumber.

Iron.—The use of iron in the construction of large and important build-

ings, and various classes of shops, mills, stores, and factories, is increasing.

The purposes to which it is applied include the support of walls, floors,

and roofs. In addition to a growing demand for standard qualities and

shapes, iron, either corrugated or galvanized, is being used to an increas-

ing extent for roofing, and in some cases for exterior surfacing. The avail-

able appliances include cast-iron columns; hollow cylindrical or rectangu-

lar cast-iron pillars; cylindrical cast-iron columns; wrought-iron posts and,

columns, I-beams, channels, T-bars, angle-irons, and deck-beams used as

posts; rolled beams and channels used as struts; angle and T-bars used as

struts; wrought-iron rivetless columns; riveted plate-iron girders; cast-

iron arch girders with wrought-iron tension rods; and stirrup-irons. Am-
ple provision is made for variations in the weight and strength of each of
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the standard articles, and ingenious devices for combining component

parts have been perfected. Great progress has been made in the United

States, during a comparatively recent period, in many things pertaining to

the use of iron in construction. Galvanized iron is sheet iron covered on

both sides with a thin film of zinc, which is applied mainly because zinc

resists corrosion from ordinary atmospheric influences much better than

iron. Corrugated iron, which may or may not be galvanized, is sheet iron

in corrugated forms. Advocates of the use of corrugated iron—which, as a

covering for buildings, is now made in improved forms—allege that it is

fire-, water-, and wind-proof to a high degree; that the corrugations lend

the iron considerable additional stiffness, on which account, the strength

acting as a support, framework may be comparatively light; aftd that cor-

rugated sheeting is cheap and durable if properly painted.

Combination of Matcyiah.—Various combinations of materials are

extensively used in building operations, to some of which more particular

reference will be made hereafter. General suggestions bearing on this sub-

ject embrace a statement that, while two kinds of materials sometimes

have the effect of improving or strengthening a wall, in other cases they

produce the opposite result. It is said that a stone-rubble wall is improved

by bonding courses of brickwork at short intervals, and that a brick wall

is improved by thorough courses at intervals of good stone properly ad-

justed, but that elements of weakness rather than additional strength are

introduced when a stone-rubble wall is faced with brickwork or when a

brick wall is faced with wrought stone.

Scaffoldings.—The bricklayer's scaffold is usually carried up with the

wall and made to rest upon it. The scaffold consists of standards, ledgers

or runners, putlogs—sometimes called " putlocks "—sheeting or scaffold

boards, and braces. The standards are poles, which are placed from lo to

12 feet apart in a row about 4^-2 feet from the wall and parallel with it.

These standards, which are firmly fixed in the ground or planted in tubs

of earth or mortar, are from 20 to 50 feet long, and can be extended by
splicing. The ledgers or runners, which are poles secured to the standards

by ropes, lie horizontally, parallel with the wall at the level of the highest

course of bricks laid. The putlogs or putlocks are cross-pieces, generally

of sawn birch, about 6 feet long and placed from 4 to 6 feet apart. They
are fixed at one end in the wall, on the middle of a stretcher occupying the

place of a header, which is to be afterward inserted. The other end of the

putlogs, which make the platform upon which the bricklayer stands, rests

on the ledger.

The sheeting or scaffold boards form the gangway, and the braces are

poles lashed diagonally across and outside the standards for further secur-

ity when the scaffolding is run to a great height. The mortar is usually

placed on boards about 3 feet square along the putlogs, with bricks, to suit

the convenience of the bricklayer. As the work is continued another ledger

is rigged up above at a distance of about 3>4 feet, that the bricklayer

may insure good work by never laying his bricks at too great a height.
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The supply of brick and mortar is furnished constantly from below, with

due care that the ledgers are never overloaded, so as to rest too heavily

upon the newly-laid courses. Rubble walls can be erected from the scaf-

foldings just described, but in better styles of masonry and in large build-

ings the scaSblds are built double, a second row of standards being so fixed

as to carry the inner ends of the putlogs and avoid any injury to the wall,

while securing a firm platform for the workmen.
The suspended scaffold is a convenient arrangement for painting or

pointing a house-front without obstructing the sidewalk. A platform of

planks makes a sufficient space for the workmen, who can lower or raise it

at will by ropes and pulleys made fast to beams projecting from the upper

windows or secured to the roof-timbers. Various new devices are intro-

duced in American cities from time to time which presumably represent

improvements on old methods of scaffolding and of furnishing brick and

mortar to bricklayers.

Precautions against Fire.—The aggregation of population in cities, the

immense increase in manufactures, the introduction of gas and steam, the

discovery and extended use of petroleum, and the vast extent and altitude of

building structures, are all tending so to multiply the sources of conflagra-

tion that precautions against fire are becoming of vital importance to the

community. The employment of incombustible materials in architecture

would seem to afford one of the best of preventive methods. The modes

of building in many countries of continental Europe secure great safety in

this respect. This immunity is obtained by the use of massive walls with

incombustible filling between joists and rafters, roofs of terra-cotta tiling,

brick or stone partition walls, and floors and stairways of tile or marble.

Timber impregnated with a solution of copperas is regarded as a fire-resist-

ant, and shingles, window-frames, and cornices could be well protected

after being placed in position by coating with solutions of such fireproof

salts as alum, copperas, and borax, and also with paints containing the

same materials. This precaution would be most serviceable in the coun-

try, where isolated dwellings are frequently of wood and are much endan-

gered by fire.

Concrete as a building material has been well tested as a fireproof com-

position, and ordinary plaster, if of sufficient thickness, has shown great

resisting quality. Brick walls built so as to allow proper settling and bed-

ded in mortar containing Portland cement furnish a most valuable obstacle

to flame. Mortar of good quality has in itself, when aided by brick, a sup-

porting quality which gives a certain elasticity to the wall and breaks the

heat-conduction of the brick, its granular formation yielding to torsion and

strain without breaking. Hollow bricks have a greater relative strength,

lightness, and elasticity, but the air in the interior spaces ma)' expand dan-

gerously in case of fire, if means of escape are not provided. In a thick

wall the interior bricks should be entirely encased in mortar, adding much
to the supporting and resisting power. Stone walls of irregular and rather

small pieces have less ability to resist fire than brick walls; but when they
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are of ample tliickness and are well laid in sufficient mortar, they may be

estimated at the strength of brick walls of half the same thickness. Large

stones, although necessarily built with less mortar, have by their great

weight a resistance to vibration under fire.

Lofty buildings have an increased danger from fire, on account not only

of the tendency of flame to ascend, but also of the disintegration arising

from the tremor or vibration in high walls, particularly when subjected to

the incidental movements of machinery, etc. When brick walls are not

of excessive height, they regain elasticity after cooling, and are often used

in re-building after conflagration. In order to erect a fire-proof building it

has been proposed to employ concrete for floors, washboards, ceilings, cor-

nices, sides, lintels, casings, and mouldings of doors and windows. The

partitions would be brick, and the stairs either of terra-cotta, concrete, or

stone slabs resting upon brick arches. An incombustible filling would be

placed between wooden joists, with a concrete ceiling supported by a net-

ting of wire. The roof with its supports would be constructed like the

floors, and covered on the outside with copper, concrete, or thick galvan-

ized sheet iron. Brick piers for supporters, upon heavy brick arches,

would complete the edifice.

II. CONSTRUCTION IN STONE.

Structures in stone appear either in massive form as masonry or more

specifically as stone along with framework and the shell-like form known

as face-work. The choice of the building material, which may be either

natural or artificial stone, will depend on the nature of the service for

which it is designed. Natural stone which can be worked into regular

shapes—as, for example, granite, sandstone, and marble—is designated as

"cut stone," while that used in irregular shapes is called "broken."

Natural Stone Walls.—Stone of all kinds, being rough in the natural

shape, must for every portion of a building except foundations be shaped

into forms suitable for its position. In so doing there should be considera-

tions as to economy of mortar and cement and provision for ornamental

designs. Stronger walls may be built of stone than of brick (though those

composed of the latter will stand far more heat in a conflagration), and

such stone is either rough or hammered, with edges dressed true from '^

inch to 1 1-< inches around the four joints of the front, or plain and very

perfectly fitting pieces are chiselled smooth or highly polished, as in gran-

ite, both forms being often intermingled in the fronts of buildings. Stone,

usually granite or sandstone, either rough or smooth and polished, is now
extensively employed for the largest and best buildings in the chief cities

of the United States. The rough is not confined to any particular portion

of the front or sides, but is used much for arched work, and chiefiy in the

ba.sement or first story.

Rubble Stone Walls.—Rnbble-work for walls is very common in the

United States and Europe; in the former country some small towns are

built almost entirely of it, where the stone can be con\eniently obtained.
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A typical instance is the older portion of the suburb of Philadelphia

known as Germantown. Irregular stones, large and small, such as are

used for foundations and cellars, are built in walls of from two to four

stories' height, with sufficient cheap mortar similar to that made with
gravel and lime, care being taken to fill all interstices with small fragments

of stone. The outside can be finished in stucco or by pointing the joints

with better mortar. To prevent dampness, the walls inside are often

stripped with wood before plastering. Many very costly rural dwellings,

barns, and even public halls and school-houses, in the United States are

constructed of irregular pieces of the best kinds of stone, in the same man-
ner as above stated, the best mortar being used. The inside half or two-thirds

of the walls of such buildings are frequently composed of ordinary rubble-

stone and the more common descriptions of mortar.

Artificial Sto7ie Walls.—Air-dried bricks (for adobe structures) are

formed chiefly of clay; if hardened by fire, they are called burned bricks.

Buildings of materials known variously as concrete, beton. Pise, etc., mu^t
be included under the head of constructions in stone, as the mass, though
at first soft, so that it can be moulded to take any desired shape, soon hard-

ens and becomes in all respects similar to stone. Concrete and beton walls

are composed of small pieces of stone mixed with gravel, sand, and cement;

of the last there are many kinds, of which the celebrated "Portland" is a

prominent type. The plastic material is rammed tightly into strong

wooden moulds, which are allowed to remain until the work has set, and

are then moved upward. This description of walls has been adopted to a

considerable extent in England and France for medium and small houses,

but has as yet been but little used in the United States.

Concrete Walls.—In concrete walls, whose structure is shown in Figure

10 (/>/. i), the applied material is hydraulic mortar mixed with fragments

of stone, rubble, etc. ; sometimes a mixture of lime and sand only is used.

The picture is taken from I,acroix's Etudes siir V Exposition (Paris, 1867),

and exhibits the manner of constructing workingmen's houses of such con-

crete walls. As will be noticed, pillar-shaped moulds are first erected at

the corners and central parts, between which, as the work progresses, the

horizontal moulds are gradually moved upward in the same manner as

above stated.

Pise Walls.—In some parts of Europe the cheap Pise work is much
used for small houses of two and three stories. Fat loams are mixed with

water and gravel (sometimes sand or cliopped straw), without cement, and

this medium-wet compound is forced into moulds similar to those used for

concrete walls. Openings for doors and windows are finished with wooden

frames held by iron clamps built into the walls, and can be ornamented

with mouldings. Stone and brick decorations may be inserted in the walls,

wood not being suitable for such a purpose. The outside, when entirely dry,

is usually stuccoed; the inside is roughly plastered, but can receive finer

finish if desired.

Binding Material: Mortar.—The material usually employed in bind-
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iuo- structures of uiasonry is aerial mortar, a mixture of lime aud sand. In

certain cases, to prevent dampness or to secure greater solidity, a binding

material known as cement, with or without admixture of sand, is largely

used, and is especially adapted to the construction of bridge piers and

abutments. There are several kinds of mortar. The cheaper kind, such

as above named, is formed with gravel and lime; the common is composed

of sand and lime, the better qualities of the last named containing a certain

quantity of cement.

Lime is obtained by heating the natural carbonate of lime (limestone)

to a high heat in kilns, thus driving off the water and carbonic-acid gas,

wherebv the weiglit is diminished about fifty per cent. When about to be

used, it is formed into a hydrate by immersion in a proper quantity of water

(not an excess), whereby a large volume of heat is given out and the mass

becomes soft and pulverulent. When further treated with water to form

a paste, carbonic acid is absorbed by it from the atmosphere, and the mortar

begins to crystallize, aud further hardens after its application to brick or

stone; and this phenomenon continues for many years, which explains the

fact that the older the mortar, if good, the more it approaches the hardness

of stone.

Lime can also be made from chalk and marble, but the former, contain-

ing much more water than limestone, heats irregularly in the kiln and is

often imperfectly burned, resulting in not slaking fully when needed for

use. Some affirm that this description of lime absorbs more carbonic-acid

gas than any other kind, but this has not been fully proved. Much care

is needed in the selection of crude material if good lime be desired, since

poor limestones contain silica, magnesia, and metallic oxides. As these

may vitrify during calcination, the lime formed will not slake freely. Poor

limes may, however, be much improved by grinding them just before slak-

ing, and in such case they may even exceed in durability richer unground

limes, especially where water is likeh* to be near or often to attack the

foundations of walls built therewith, or foundations supporting walls built

with mortar formed from such ground lime. Magnesian limestone, when
nsed for producing lime, yields a product that has the disagreeable quality

of causing an unsightly efflorescence on walls, especially of brick, in the

erection of which it may be employed.

Lime used for mortar should be slaked only when about to be mixed
with sand and water, and the proportions for good mortar should be one of

lime and three of sand; with use of the best sharp sand and the best lime,

four parts of sand may be employed, but this is about the limit. A small

quantity of sulphate of lime in the form of plaster of Paris added to mortar

will cause it to set much more rapidly and to yield greater strength tlian

ordinary mortar, while allowing the use of a much larger proportion of

sand. This kind, where more of the sulphate is added, is even used as a

substitute for hydraulic cements in forming concrete, etc.

vSharp river-sand is the kind usually mixed with lime to form mortar,

the best of the latter having an admixture of ground quartz or flint, which
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greatly improves the adhesive quality. Some maintain that very sharp

sand or crushed quartz with an inferior lime forms a mortar much superior

to that from soft sand, even though the best lime be used with the latter.

Burned clay will form a fair lime, but such is not to be recommended for

the better class of work, especially that subjected to dampness. It may be
improved by mixture with h)-draulic lime, ground ashes, and sharp sand.

Slag from iron furnaces, when properly ground, may be used instead of

sand, and with good lime produces an excellent mortar. Ground coal-

ashes, if used at all, should be used sparingly.

Hydraulic Mortar or cement is that formed entirely of certain kinds of

argillaceous limestones finely pulverized, which when mixed with water
alone form the strongest kind of bond; and the better descriptions will, as

above stated, harden under water. There are various rocks containing

nearly seventy-five per cent, of carbonate of lime which, when burned and
afterward ground, can be used with water as hydraulic mortars without
mixture of sand. These form what may be called the medium cements,

not hardening under water, but obtaining quickly great firmness and dura-

bility in the atmosphere. Portland cement, already mentioned, and others

resembling it, such as imitations made largely in the United States, form
the best hydraulic mortars. Cements are mixed with sand, in the propor-

tion of from one tq three of sand to one of cement, along with just enough
water; but mixture should be made of them onh- as they are required for

use. The addition of sand in small proportion appears to have a favorable

influence on the binding quality and ultimate hardness of the cements. In

larger proportions, it has a weakening effect. The better descriptions are

frequently used in a fluid condition, called "grout," to flow in anioug and
bind the parts of certain kinds of masonry; in such case but little sand

should be used.

Pozzuolana^ a volcanic product found near Naples, Italy, when ground
and mixed with equal portions of lime and sand, or five of pozzuolana to

two of lime, forms one of the best of bonding materials, hardening verv

rapidly even under water.

Bonding 0/ Jllasomy.—In masonry required for vertical enclosures the

bonding, or union of individual pieces composing the structure, is indis-

pensable, as it not only insures stability to the walls, but also contributes

materially toward effecting a distribution of pressure throughout the build-

ing. The only exception is found in the case of plastic materials which
cannot be bonded together in the above sense. In bonding, particular

attention must be paid to the arrangement of the joints, as a distinction

must be made between those lying between the superposed courses of the

work (coursing joints) and those between the individual stones of a course

(heading joint.s). The principal rule to be observed for a perfect bond is

that the heading joints of the superposed courses shall never be placed

either wholly or in part over one another.

Bond and Masonry in Brick.—Owing to the relatively small size of

bricks, the application of mortar is an imjDortant element in securing solid-
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ity in a wall. The thickness of the layer of mortar in the joint is gener-

ally about -f^ of an inch, and this comparatively heavy lajer gives the wall

a characteristic appearance. To obtain a regular bond, the brick, which

has the shape of a parallelepiped, must have dimensions determined by

fixed rules, the length being at least twice the breadth. This proportion

is observed uniformly throughout the German empire, where the dimensions

for length are 9J4 inches and for width 4^-4 inches, calculating the width

of joint at /j of an inch. Though a similar proportion between the

breadth and the thickness might be desirable, it would weaken the brick, so

that it would be very liable to fracture.' The bond is always to be so

arranged that, with the exception of corners, whole bricks only are used

for the mass of the wall; and for this reason the thickness of brick walls is

specified according to the length of the bricks. The bond may, however,

admit of great variation. There should be distinguished the "block bond"

and "cross bond," and more rarely the "Gothic" or Polish bond.

Block and Cross Bond.—In the block bond (//. i,Jig. i), the bricks

in one and the same row lie either with the long side (stretcher) or the

narrow side (header) forward. The difference in the two bonds is that in

the block bond there is a mere alternation of the stretching and heading

courses, so that the heading joints of all the headers, as well as those of the

stretchers, stand over one another, while in the cross Jaond {fig. 2) this

applies to the headers only, and not to the stretchers, as the latter have an

alternation of the heading joints among themselves. Consequently, in the

block bond, as shown in Figure i, the toothing is regular on the sides,

while the racking is irregular; but in the cross bond {fig. 2) this arrange-

ment is reversed.

The disposition of bricks laid on the inside of a wall will depend upon
its thickness (in Figures i and 2 a wall of the thickness of two bricks is

supposed). In walls whose thickness is divisible only by half-bricks, as

one and one-half, two and one-half, etc., if a row of stretcliers be at one

side, there is a row of headers at the other side, and the reverse in the next

course, etc. In other respects the thickness of the wall will not influence

the exterior appearance of the bond. To lead in the bond at the corners,

as shown by the Figure, the wall is started either with a three-quarter

brick in each stretching course, or in the heading courses with a brick of

one-half width, inserted immediately behind the first header.

Gothic Bond.—In the Gothic or Polish bond—which according to the

above rule cannot be called perfect—stretchers and headers are alternated

in the same course, as shown for cut stone in Figure 8.

Hollozv IValls.—Recently, hollow bricks have been extensively used;

thereby the weight of the wall is diminished, though the bond is not

altered. The weight is also lessened through making the wall itself hollow
by spaces left between bricks, as seen in Figures 3 and 4; here the Gothic
bond maybe used to advantage. In Figure 3 common bricks are supposed,

' This proportion wouUl make the brick only 2\ inches thick, wliilc the thickness ordinarily adopted

is 2| inches.

—

Ed.
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and it is only necessarj' to lay a quarter-brick before each header that there

may be a corresponding hollow in the wall, which will theu be one-and-a-

qnarter bricks in thickness. In Figure 4 {pi. i) the bricks are supposed to

be square in cross-section, with a side of about 4 inches; the cavity, with
bricks 10 inches in length, would then be only 2 inches and the wall one
brick thick. Hollow bricks and fire-clay tiles of various forms used for

interior construction, as for partitions, spanning spaces between girders of

iron, etc., will be considered in the section specially devoted to the subject.

Bond and Masonry of Regularly-sliapcd Stone: Ashlars.—In bonding
aslilars, which are larger and heavier than bricks, mortar becomes of

minor importance; in fact, it may be dispensed with. Where the joints

are closely fitted, it is usual simply to pour in milk of lime or thin cement-
mortar. Considering the greater weight of the stones, it is uimecessarv to

adhere strictly to the rules above given for bonding. Figure 5 represents

a wall of ashlars of alternately high and low courses; Figure 6, one in

which the ashlars are used only as a facing for a wall built of other mate-

rial; and in Figures 7 and 8 are shown walls in which such stone facing is

desired on one side only—in the former, alternate high and low courses,

and in the latter, courses of equal height.

As a rule, the ashlars are quadrate in section and have a length, in the

case of very dense £tone (such as granite), equal to five times, and in solid

stone (as marble) to four times, the height; in stone of medium strength

(like sandstone) to three times, and in less substantial stone not more than

double, the height. When the ashlars form a facing only, then, as with

the Gothic bond, there must be us«iwith cut stone as many headers (bind-

ing stones) as possible. The treatment of ashlar work on the exterior

varies greatly, depending on the character of the building or of the parts

to which it is applied. If the effect of strength is to be given, "bossage"
or rustic work {fig. 9) is used, as in the parterre of the Dresden Museum.
A similar result is obtained by bevelling the outer surfaces; sometimes also

ornamental ashlars are employed. A fine example of ashlar work is the

entrance to Austin Hall, Har\-ard University {pi. 2, fig. 2).

Alasonry ofApproximately Regular Stone.—Examples of approximately

regular stone masonry are to be found in remains of constructions by the

Pelasgian races, the " Cyclopean " or polygonal walls (//. i, fig. 12). The
huge stones of this masonry were carefully joined without mortar. Respect-

ing the joining of walls made of irregular stones, it will onh* be necessars-

to say that attention must chiefly be paid to evenness of courses and hori-

zontal bedding of stones, no systematic alternation of joints being possible

in this case.

Stone Frajneu'ork differs from masonry in not dealing with the disposi-

tion of masses, but rather with the erection of framework made of single

or beam-like parts (posts or pillars, lintels). The finest example of this

construction is seen in the Greek temple (yfo-. 11), in which the cover-

ing by stone beams (architraves) of the spaces left between supports or

colunms is especially remarkable, in so far as in this form of covering the

Vol. v.—

3



34 CONSTRUCTIVE ARTS. [Construction

side-thrust present in vaulted coverings is entirely absent. As the porti-

cos of their temples show, the Greeks used this system also for the cover-

ing in of spaces, hollow pieces {laainaria) being set between the stones and

beams placed at fixed intervals. The employing of stone framework, and

especially the covering of spaces with stone beams, will always be limited

in modern buildings, since, on account of their inferior tensile strength,

stone beams cannot, like wooden or iron beams, be permitted to stand free

over large spaces. Where arches or walls are set between the bays of stone

frames, the case is quite different. These arches or walls are then the real,

the pillars being only apparent, supports.

/ 'aitltcd Coverings (arches) are used over openings in walls as well as

over entire rooms (vaults proper). Every vaulting may be regarded as a

pendent wall in which the sustaining of the individual parts (arch-stones

or voussoirs) is effected in such a manner that by properly forming and

placing these stones (generally wedge-shaped) in position the pressure of

those above, or any additional weight, is transferred from each stone to its

neighbor obliquely downward upon the side walls (abutments); these must

be of sufficient strength to carry the weight of the entire vaulting. The
advantage of vaulting is that, unlike the case of the free-lying stone beams,

it is not a question of resistance to bending, but of resistance to pressure,

and consequently, regarding the width of span, the builder is not so strictly

limited. It was formerly supposed that the ancient Greeks were not

familiar with the arch, but the fact that there have been found remains of

vaultings constructed by that people justifies the conclusion that they

rather disdained the use of this architeotural expedient. On the west coast

of Northern Greece there is an old arch {pi. i, Jig. 12) which, built with-

out mortar, has a span of 1434 feet.

Different names are applied to arches, partly derived from the form of

the arch-line—that is to say, the inner boundary-line of the arch-stones

(voussoirs)—and j^artly from the general form and arrangement. The arch-

line may be a semicircle (as in Figure 12), a segment arch, an elliptical

arch, a pointed or Gothic arch, etc., or even a straight line (flat or straight

arch). According to their general form, these structures may be cla.ssified

as cylindrical, groined, coved, spherical, and fan vaults.

Cylindrical or Barrel Vaults may be regarded as part of a hollow cylin-

der with an arch-line in any form. All arches in a wall (for example, _/?^.

12) should be regarded as short, cylindrical vaults. As a ceiling, the cyl-

indrical vault is generally used in long spaces, such as corridors, or in long

bays divided up by "transverse arches." A peculiarity of the cylindrical

vault is that it transfers its thrust upon only two sides, while it is merely

in contact with the other two walls. If there are openings in these resist-

ing walls, whose crown is on a higher level than the springing of the vault

(that is, above the starting-point of the vault), lunettes are built in, which
spread—sometimes in an oblique direction—toward a corresponding cut in

the main vault. These lunettes may find application when, like that over

the stairs in Figure 17, a vault spans on arcades.



IN Stone.] BUILDING, 35

The material for the cylindrical vault, as for most vaults used for cov-

ering, is g^euerallv brick. The curve of the arch is obtained either bv cut-

ting the bricks, or by making wedge-like heading joints, or by using spe-

cially-formed wedge-shaped bricks. The bond will depend on the thick-

ness of the vaulting, \vhich, when carefully carried out, will in most

instances require only a half-brick for spans of about 12 feet and less. In

this case the bond is a stretcher, but its direction will admit of variation,

as the courses (coursing joints) may run either parallel with or perpendicu-

larly or diagonally to the axis of the vault.

77/.? Groined I'ault is to be regarded as resulting from the interpenetra-

tion of two cylindrical vaults, with their springings and crowns on the same

level. If the lines of both vaults are to have the same form, the ground-

plan of the vault must of necessity' be a square. Figure 13 (/>/. i) exhibits

the most simple form of a groined vault of this order, over a quadratic

ground-plan; the lines here are those of pointed arches, which, however,

are closely akin to the semicircle of the arch-line in the transverse arch.

The curved lines (elliptical in semicircular arches) on the under side of the

groined vaults, caused by the intersection, are called "groins." As a rule,

two arches crossing each other (transverse arches) are first set in the direc-

tion of the groins, and afterward, between them, the portions of the cjiin-

drical vaults (sectroids); the under side of the transverse arches may either

be flush with the surfaces of the vaults (that is, without projection), or, as

in the case of Figure 13, made visible in the form of a bead or other pro-

file, and provided at the crossing-point with a conspicuous keystone boss).

If the groined vault be used, not over sqiiare plans, but over those which

are oblong, either the arch-lines of the intersecting barrel vaults must vary

in form, or, at least, if the form be the same, the smaller two portions of

the vaults must have a rise toward the vertex. This may be done either

in a straight direction or in a slight curve, and is very frequently extended

to all portions of the groined vault.

Groined vaults may be built over apartments which have many sides,

whether they are regular or irregular. In this case it is only the number
of the cylindrical portions intersecting one another that is increased, and,

as regards the common vertex or intersecting point of the groins, the cen-

tre of gravity of the ground-plan is calculated therefor; where the ground-

plan is a regular polygon, this will be the centre point. If large apart-

ments are to be arched, groups of groined vaults are frequently adopted,

the apartments being divided into sections as nearly square as possible by

means of pillars and transverse arches, as shown in Figure 14.

Liernc Fault.—The vaulting shown in Figure 14 is not a pure groined

vault, but a " lierne," where the surfaces are divided not onh-by the diag-

onal ribs, but also by intermediate ribs, into numerous sections; so that

the ground-plan is in the form of a star. This species of vaulting, which

is very rich in effect, is often employed in the Gothic style; the one repre-

sented, which is an example of ven,' bold vaulting, is taken from the

Marienburg Castle, a Gothic structure in West Prussia. The Figure shows
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the vaulting of the Grand Hall {Rcmicrs\ which has a slender supporting

pillar in the centre.

In regard to the distribution of pressure in groined vaults, it ma}' be

remarked that the enclosing walls, even where there is a rise toward the

vertex, receive very little of it, but more is thrown on the corners; on this

account the latter are often strengthened by pillars, the walls being of

moderate thickness. In reference to the thickness of groined vaults, it is

stated that for spans of about i6)^'i feet the diagonal ribs need be only one

brick wide and thick, and the sectroids only one-half brick.

The Coved Vault may likewise be considered as arising from the inter-

penetration of two or more c)lindrical or barrel vaults, except that here

the sections of the cylinder have another position. They present, not the

span-opening, but the abutment sides, to the enclosing wall; and thus

arise penetrations which appear as coves ou the inner surface of the vault.

These vaults, as they begin only above the vertex of the opening con-

tained in the enclosing walls, and thus require great height, are seldom

employed.

Spherical Vaults (domes) are of various kinds, but spheres or spherical

surfaces are the bases of all; so that the courses are built in horizontal

rings, and consequently the vaults can be left open. It may be said that

the true dome is formed when a portion of a ring (with any desired, arch-

line) lying in a vertical plane is rotated about a vertical axis passing

through its vertex; which, of course, presupposes a circular ground-plan.

In these forms of the pure dome the surmounted elliptical arch is usually

employed, under which circumstances there is almost without exception

an opening in the vertex, roofed and with arched side windows, technically

known as a " lantern."

Hanging Domes.—If hemispherical vaults are thrown over four-sided

plans, so that the corners fall into the ground circle of the vault, there will

be semicircular penetrations on the four walls, and such vaults (much used

in monumental architecture) are called "hanging domes." The vault

shown in Figure 15 {pi. i), taken from the Church of St. Mark at Venice, is

an example. All the surface is of mosaic, richly decorated, on a gold ground.

The illustration shows how in these hanging domes a cornice or horizontal

band may be set over the vertex of the wall arches, so that the surface of

the vault can be divided into four equal spherical triangles, and a pendent
spherical segment, the "calotte." A .similar division is possible if instead

of a hemisphere a calotte is the basis; in which case the wall penetrations

become segment arches and the whole vault requires less height. These
vaults when used over oblong ground-plans (not, however, divisible in the

manner given) are known as surbased spherical vaults. They are fre-

quently used in private buildings; and it may be remarked that here also

up to spans of i6'< feet an arch thickness of a half-brick suffices. The
other forms of domes—for instance, the oblate—may be passed over, as they

are seldom used.

Fan or Funnel Vaults mav be understood bv imas;ininof curved lines or
I



IN Stone.] BUILDING. 37

sections of circles to be so revolved about the vertical borders of a room or

around any of the pillars that they will lie tangentially at their lower ends

on the axis. The different parts of the vanlt thus formed arrange them-

selves in gently-curA'ed vertex lines; and if the basis-length of the curved

line is not equal to at least half the diagonal of the space, or part of the

same, they leave above an open space which may be closed in by a small

straight vault. The funnel form is seen most plainly at the pillars and

when viewed from above; the lower circles are well adapted to ornamenta-

tion known as "fan-tracery." Figure 16 (//. i) shows the top view, and

the method of bonding a section of this peculiar vault, which is much em-
ployed in the English Gothic style. The example given is from the Cathe-

dral of Peterborough, a building in the "Perpendicular" st}le.

Arches: Pointed Arches.—English authorities discuss arches from a

historical standpoint, treating the earliest as circular. These were suc-

ceeded b)' different forms of pointed arches, classified as lancet, equilateral,

depressed, and four-centred, or Tudor. The development of pointed arches

commenced during the Middle Ages, and greatly increased the number,

beauty, and strength of arches used for decorating churches and temples,

and for other purposes.

Arches in Brickzcork are classified as plain, rough-cut, or gauged. The
plain or common arches are built of uncut bricks and are of the ordinary

slope; and, as the bricks nearly touch at the lower points, while a consid-

erable space intervenes between their upper portions, it is necessary that

mortar should be freely used to fill the interstices. It is deemed important

that this mortar or cement should be of a better quality than that used in

ordinary walling, and that the centre on which such an arch is built should

not be removed until the work has thoroughly hardened. In large arches

moderately slow-setting mortar is considered preferable, so that when the

centres are striick opportunities may be left for the voussoirs slightly to

accommodate themselves to the pressure. In extensive works involving

the adoption of deep arch-rings it has been found advantageous to build

the arch in half-brick rings, with a few bonding or lacing courses built in

at intervals.

Rough-cut or Axed Arches are constructed of bricks roughly cut to a

wedge-shaped form, which permits the use of a smaller proportion of mor-

tar or cement than is required when the structure consists of uncut bricks.

The rough-cut bricks are frequently used in small arches set in common
mortar when strength is required, and over openings, such as doors and

windows.

Gauged Arches are used for superior face-work. They are built of

bricks carefully rubbed and gauged to accurately-shaped voussoirs. The
joints are made very thin, and the bricks are frequently set in fine lime

putty. The English method of manufacturing it is to have pure lime

slaked in a quantity of water and strained off while hot, the water being

allowed to evaporate till the consistency of cream is attained. The lime

is then mixed with silver sand or white marble-dust and worked into the
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groove with a flat jointer, so as to form a raised Hue, the sides of which are

promptly drawn or cut parallel by drawing the pointing knife along a

straight edge, so that the knife trims both edges and scrapes off the super-

fluous putty, leaving a raised white Hue standing out on the centre of the

joint.

Discharging Arches are built either over or under openings. When
constructed over a wood lintel, they should always run clear of both its

ends. They may be quadrants of a circle, or even flatter; and if it is con-

sidered desirable that they should be turned in, two or more half-bricks

should be used over doors and windows and other wide openings, while

over the ends of beams it is not necessary that they .should be more than

one half-brick. Discharging arches under openings are used to equalize

the weight over the substructure or foundation. Arches of two half-bricks

are deemed sufllicient for ordinary purposes, but in large and heavy struc-

tures arches of three half-bricks or a greater number may be necessary.

Abutments should be provided, whether the arches are erect or inverted.

Stone Stairs.—The principal object in erecting a stairway must neces-

sarily be the securing of a safe and easy communication between floors at

different levels, and, that those who ascend it ma)' feel conscious of safety,

the strength of the stair should be directly apparent as well as substantial.

To render the communication perfectly secure, it should also be guarded

by a railing of appropriate height and strength.

Ratio of Gradient.—In all stairs the correct ratio of the gradient—that

is, the proper relative proportion between the height of the step (riser) and

the breadth (tread)—must become a principal consideration where ease of

ascent is of importance. It is claimed that the first attempt to fix this rela-

tion upon correct principles was made by Blondel in his Coitrs d'' Architec-

ture. His formula, however, was applicable only to large buildings, and
not suitable to ordinary dwellings. The absolute measures of the riser

and tread must necessarily depend upon the aim and design of the stair-

way, the riser varying from ^% to 7^ inches and the tread from 9 to 13

inches; so that the larger tread accompanies the smaller riser, and z'ice

versa. The ratio of the gradient may be formed from the rule that two
risers and one tread taken together should measure 24 inches. In this

measurement it should be remarked that the tread is to be measured hori-

zontally from face to face of risers.

Classes 0/ Stairs.—According to the different positions and uses in-

tended in the edifice, stairways must be distinguished into classes, such as

principal and back stairs and outside flights [perrons). In material they

may be constructed of cut stone, such as sandstone, marble, granite, etc.,

or of brick in different forms and modes of construction.

The Forms of Stairways are various, beginning with the simplest or

straight line, but diversified, according to the necessar\- adaptation to .space

and convenience, into triangular, circular, or elliptical, with winding
steps, or of mi.xed forms with straight sides and circular ends. Straight-

line stairs, in which every step of the ftead is the same throughout the
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entire length, may consist of several runs or flights. To the latter belong

the so-called "double stairs," in which the two flights rise symmetrically

to one head, or landing-place.

Stabs of Cut Slone are constructed either as saddled or geometrical

stairs. In the former the steps are built for about 5)i inches on either

side into the stair walls or arches, which should be at least one brick in

thickness; in the latter the steps are walled in for about 12 inches only,

lying free at the other end. Furthermore, a mutual foundation of about

one inch is given to the steps throughout their whole length, with the

inteution of obtaining a more even distribution of pressure. Figures 17

to 20 (//. i) exhibit different forms of principal stairs saddled, while Figure

21 shows the perron, which is richly constructed in cut stone, likewise sad-

dled.

Straight-line Stairway.—The stair seen in Figure 17 is an example of

the simple straight-line stair on a grand scale; it is in the Library at

Munich, built by Gartner. Halfway in its length will be seen a so-called

podest., or landing-place.

Broken-line Slairzvay.—Figure 18, from a private house in Berlin,

shows an elegantly-constructed broken-line stairway with three arms;

light is obtained from a skylight. A triple-flight stair of this kind has two

landing-places, which will be square if the flights are built of the same

width.

Double-headed Stairzvay.—Figure 19 gives an example of a double

stairway with three flights, the upper two of which have the same direc-

tion, while the lower one—not entirely visible in the Figure—is common
to both. As the part at the uppermost step of a stairway is called the

"stair-head," in contradistinction to the entrance at the lower step, the

illustration may be said to give an example of a double-headed stair.

Winding Stairzcay.—Figure 20—our last example of grand stairways

in cut stone—represents a large winding stair in the early Renaissance

style in a French castle. In cases like this, if the inner solid or hollow

part (stair-spindle or centre-post) be not too small in diameter, the stair

will by no means be inconvenient; but the same breadth must be given to

the steps in the half-length that rectangular steps have in the whole

length.

In all the above examples the staircase—that is to say, the space in

which the stair is placed—is elegantly, and even superbly, finished.

Stairs of the Mixed Form^ consisting partly of steps with parallel edges

and partly of winding steps, although occupying relatively the least space,

are inconvenient on account of their irregularity, which, together with

their want of beauty, renders them inapplicable to the uses of a grand stair-

way; such stairs, therefore, are not to be recommended. It is not neces-

sary to treat of back stairs among stone constructions, as they are seldom

made of stone, but mostly of wood or iron.

The Perron^ or outside stairway, is used only where the ascent is to be

made from the street or courtyard to the story of a building lying at a



40 CONSTRUCTIVE ARTS. [Construction

liioher level. In public buildings and handsome private residences more

ornamental forms of entrance are required, and in other cases simpler forms

are selected. The perron in Figure 21 (//. i) was erected as a portion of

the alterations and enlargement of the Hotel de Ville in Paris, in the Cour

d'Honneur, under the direction of Haussmann, prefect of the Seine. It is

in the form of a horseshoe of cut stone. In simpler structures and private

residences short flights of outer stairs are usually styled "steps." When
used for areas or back courts, they are often made of 2- or 25^-inch stone

for the tread, the ri.ser being formed of 4)^- or 5-inch stone, both tailed

into a wall at one or both ends. This is much lighter in effect, and slate

is frequently substituted for stone in the tread.

Platforms or Landiiigs of stone are frequently placed over an area before

a door, at the head of a flight of stairs, or as the floor of a balcony; they

are made from 4 to 8 inches in thickness, according to their extent and

bearing. When not constructed of an entire slab of stone, they are made
of jointed pieces joggled and plugged together, and are worked on the face

and edges as the situation may demand, and should also be very carefully

pinned to the walls.

The Geotneirical Slai'rs in stone mentioned above were not represented

upon the Plate because, first, they are less to be depended upon, and con-

sequently are infrequently used, and secondly because their general arrange-

ment is simple, although they are diflScult of construction. They are most

advantageously used in the form of winding stairs, principally because in

this arrangement the steps have the greatest bearing upon one another.

Brick Stairs.—Where the proper kind of stone is not to be had, brick

stairs may be built in three ways: (i) By imitating the form of the stone

steps. W^ooden box moulds are used for this purpose, the bricks being set

in strong bond with cement-mortar and allowed to stand until the whole
has become solid and capable of bearing transportation. (2) By construct-

ing them, in the place where they are to remain, upon a support (boarding)

raised a little toward the middle, which is afterward to be taken away;
this method of bonding is shown in Figure 22. Cement must here be used

as mortar. (3) B\' building them upon a rising vault, as seen in Figure

23. As by this construction the steps are hollow, the weight is consider-

ably decreased. The steps mentioned in (i) and (2) must be saddled;

otherwise, all brick stairs should receive a coating of cement, a casing of
wood, or a covering of thin marble slabs.

III. CONSTRUCTION IN WOOD.
This branch of the work will be devoted to the construction of build-

ings intended for the more common uses, in which the chief material is

wood in the form of beams, boards, laths, etc. Timber is reduced to the
form of the beam either by hewing or sawing from the tree-trunk, while
the other forms, such as planks, boards, battens, etc., are always made by
cutting them with the saw from tree-trunks of certain fixed lengths.

Spruce, pine, and hemlock are the woods most frequently used in building,
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but considerable diversity in the practice of the different sections grows

out of the relative scarcity or abundance of various descriptions of trees.

Wooden Strticturcs possess great significance in the United States, as

the pioneer settlements of nearly all sections consisted chiefly of log cabins

or weatherboarded houses; and a large proportion of the existing dwellings

that are not located in large cities are made chiefly of wood, because it is

the cheapest and most abundant material, and even in many districts

where lumber must be obtained from comparatively distant points it is still

cheaper than stone or brick. The notable changes to the more substantial

and less inflammable materials have occurred chiefly in towns and cities

where extensive conflagrations have led either to the legal prohibition of

new wooden structures or to their prohibition by the voluntary action of

many persons.

Portable Wooden Houses.—The manufacture of portable houses of wood

which may be transported in sections, with each part so marked as to

designate its place in the finished structure, has become an important in-

dustry in the United States. At the present time portable buildings are

made in great variety of size and style, many of them being designed with

the view of permanent occupation, and the perfection with which all the

needful details relating to their manufacture and the assemblage and erec-

tion of their parts has been worked out is specially interesting. The field

for such portable buildings is very large. There is a constant demand for

them from engineers of public works, railroads, canals, etc., especialh- in

regions remote from settlements; they are particularly adapted to the needs

of the military' service in time of war, when portable barracks, hospitals,

etc., are especially in demand; they are aLso well adapted for the needs of

contractors, miners, sportsmen, photographers, camping-out parties, bath-

ing-houses, pavilions, fruit-stands, summer-kitchens, and outbuildings of

everv description. As above stated, the manufacture embraces not only

buildings intended for temporary use, but also more permanent structures

having considerable pretension to architectural effect. These larger houses

—one, two, or more stories in height—are adapted for summer cottages,

and maybe obtained of many styles and as elaborately finished outside and

inside as may be wished. Other styles of these portable structures are

intended for railway-stations, depots, storehouses, etc. , and may be had of

any desired dimensions.

Timber Connections.—The means u.sed for joining woodwork differ en-

tirely from those employed in stone construction. These means consist

principally of iron clamps, bolts, screws, spikes and nails, and wooden pins

or treenails; otherwise, wherever wood is employed in the form of beams

or posts in the regular framework, the separate timbers are chiefly brought

into close connection by the insertion of the one into the other to a greater

or less degree where they come in contact.

Scarfinc^.—In their different connections the timbers may meet in the

direction of their lengtla or at an angle, or they may cross one another.

Figure i (//. 3) gives an example of a joint of the first kind, the so-called
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" oblique scarfing" with notch and wedge. This joint is so arranged that

after driving the wedge between the small indents the parts cannot be

separated in any direction. In other respects the Figure is self-explanatory.

Fit>-ures 2 and 3 {pi. 3) exhibit square halving, applicable where two tim-

bers cross at a right angle {fig. 2} or at an acute angle {fig. 3) and are to

lie flush with each other and not project. It need only be added in refer-

ence to Figure 3 that, to prevent turning, this form of scarfing is provided

on the upper surface with small triangular notches at each side.

Doz'ctailing.—Figure 4 exhibits what is called "dovetailed mortis-

ing" for timbers that are to remain flush and that meet at an angle, gen-

erally a right angle. The dovetail is so made that it can be lifted out, but

not pulled apart, while the breaking off of the dovetail is prevented by an

additional notch let in at the top. Figure 5 is a shouldered tenon appli-

cable for the same purposes as Figure 4, but with the differencft that the

tenon is prevented from leaving its place by the introduction of a wooden

pin. Figure 6 exhibits a dovetailed corner-joint, the shape of the notch

portion (somewhat hook-like) preventing the solid part from being displaced

in either direction.

Cogging.—Figure 7 shows the various forms of cogging used for tim-

bers that cross one another without being let in flush, but are merely

notched; the cogs at a, 3, and care called respectively side, middle, and cross

cogs. The overlying timbers—not given in the Figure—must be made to

correspond in notches, so as to bring the floors of both in contact, and to

prevent displacements in either direction. The joints in Figures 8 and 9
are end coggings. Figure 8 shows the dovetailed form, and Figure q the

form of the side cog.

Mortise and Tenon.—Figure 10 shows the common mortise and tenon

used where vertical and horizontal timbers meet. A pin serves to pre\ent

displacement. The breadth is about one-third that of the timber. Figure

II is a so-called "slit tenon," chiefly used on the upper ends of rafters.

Figure 12 shows the oblique tusk tenon used where struts are set into hori-'

zontal or vertical timbers. The cut for the mortise extends over the whole

breadth, and is intended to prevent the splitting of the tenon, taking up,

as it does, chiefly, the thrust of the strut.

Besides the joints which have been shown, various other forms are met
with in practice, but they may be regarded merely as modifications of those

above described.

Purposes ofJoints.—The principal purposes served byjoints are length-

ening ties, struts, and beams, supporting beams on beams, plates, and

posts, connecting struts with ties, and using them as joints for ties and
braces. Much depends upon the skill displayed in arrangement and in

selecting particular forms for the accomplishment of various purposes. An
English writer forcibly observes that simple joints are much more likely

to be securely made than more elaborate ones. Scarfing is one of the most
common methods, but for important jaurposes it is considered inferior in

reliability.
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Principles of Construction strongh- recommended include the following:

(i) To cut the joints and arrange the fastenings so as to weaken the pieces

of timber as little as possible; (2) To endeavor to place each abutting sur-

face in a joint perpendicular to the pressure it has to transmit; (3) To pro-

portion the area of each part of the joint and fastenings to the maximum
stress it has to resist; (4) To form the joints with reference to the greatest

attainable avoidance of the shrinking and expanding of the wood; (5) To
form and fit the different parts of each joint so as to spread the stresses with
approximate uniformity over the sections of the timber and fastenings com-
posing it; (6) To make special efforts to devise safeguards against careless

workmanship.

Methods of Alaking Joints.—Of the methods or tools employed, it is

stated that in scarfing, cogging, and notching the shoulders are cut in with

a saw, but the cheek is generally struck out with a mallet and chisel or an

adze. Tenons should be made entirely with the saw, which is also used

in cutting wedges. Mortises are frequently bored at the ends with an

auger whose diameter equals their thickness, the intervening part being

taken out with a wide chisel and the ends squared down with a chisel as

broad as the thickness of the mortise. In some cases iron is employed to

strengthen wooden joints, and a variety of devices is used in facilitating

such operations. They are considered specially advantageous in connection

with fished joints, in which the ends of timbers abutting square against each

other may be connected by means of fish-plates made either of wood or of

iron. When iron struts are used, care should be taken to insure suflticient

strength for the purposes they are intended to ser\-e. Uncertainties in

regard to this matter induce some skilful carpenters to restrict their use as

much as possible, but the growing scarcity of timber and increasing cheap-

ness and abundance of iron and steel, together with the increase of facili-

ties for testing all classes of metallic building material, will presumably

extend the use of iron straps, stirrup irons, and iron tie-rods.

Timber Walls may be erected either like stone walls, the wood being

used in mass and disposed in layers (log walls), or in the sense of the ordi-

nary frame by erecting frames and filling in the interstices with proper

material (brick- and stud-work).

Log Walls.—The construction of log walls {pi. Z^figs. 13, 14), it may
incidentally be remarked, is practised for the most part only in countries

where wood is abundant and the climate cold. Figure 13 gives an idea of

the projecting ends of the logs, while in Figure 14 the ends are halved and

held by wooden pins. The former mode is most frequently employed, the

corbel-like projections, as seen also in Swiss houses in the Bernese Ober-

land, serving for the support of balconies and overhanging roofs. In places

where a partition meets an enclosing wall, projections are arranged in like

manner. The timbers are not always hewn in a regular shape; on the

contrary, the log houses of the settlers in newly-inhabited countries are

often made of rough-hewn tree-trunks laid together with notched ends at

the corners. It may also be noticed that the joints in all these walls are
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caulked with some suitable material, and the openings for doors and win-

dows, the jambs of which are formed of posts, receive a casing of boards.

Brick- and Stitd-zvork is either w-ood alone or is of mixed construction.

In the first instance, the framework is made of studs onh', with a plate

over them, the interspaces being filled in with wood, which, however, is

in the form of planks, fitting into grooves in the studs. This kind of stud-

work, together with rafter walls, is often to be seen in Switzerland, and

was used in the Sigristen house in Marbach, Canton of Lucerne, built in

1809 {pi. 2,',fig- 15)- The manner in which these frame buildings are deco-

rated with balconies, overhanging roof, carved work, and painting corre-

sponds to that of the block-houses, as may be seen from the example given.

In frame houses of mixed construction the stud-work is made steady by-

inclined struts connecting the different members diagonally, the spaces

being further divided by cross-bars. These spaces are filled in frequently

with bricks united either plain or in figures. In the Middle Ages, and

also in the time of the early Renaissance, brick- and stud-work was much
used, and the works constructed were often finished in a characteristic

manner, as numerous well-preserved examples in Brunswick, Hildesheim,

Quedlinburg, Halberstadt, Rouen, etc., prove. The A/tc linage in Bruns-

wick {fig. 16) exhibits the peculiar character of the mediaeval brick- and

stud-work—namely, the typical projection of one story over another, a

feature which is founded on ideas sound both from the sesthetical and from

the constructional standpoint.

The Framework, in which the different timbers are generally made
about 554 inches square, is joined together in every story in such a man-
ner that a sill is notched upon the heads of the joists, which are frequently

projecting or resting upon the wall of the substructure. The posts, studs,

or uprights, which have their respective distances from one another deter-

mined mainly by the position of the doors and windows, are then joined

upon the sill with mortise and tenon. Between the uprights, and particu-

larly above and below the openings for the doors and windows, the small

cross-bars are then framed in. The plate is placed upon the uprights, the

former receiving, in its turn, the notched ceiling joists. In certain parts,

particularly the ends, inclined struts and cross-rods are set between the

framework, the joists, etc., so as to give stiffness and character to the

whole.

Weatherboarded Houses form a large proportion of the dwellings in the

United States. A number of ingenious devices have helped to lessen their

cost and to contribute to their utility and adornment. In specially cold

portions of the Union it has been found advantageous, in some instances,

to build a double framework, so as to leave a considerable space filled with

air between the outer and the inner wall. It is alleged that by this con-

trivance less fuel will be required to heat the houses comfortably. English

writers commend weatherboarding as safe and economical outside casing

for the fronts of dwelling-houses under appropriate conditions, which in-

clude separation from adjacent dwellings by a suflScient distance to render
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the communication of fire impossible, and arrangements for backing up

the boarding in a solid manner with brick, stone-work, or rubble and con-

crete. Where brick walls are built within framed enclosures, care should

be taken to secure a convenient relation between the brickwork and the

braces used in strengthening and supporting the structure.

Joist Courses.—By a joist course, or joists, is meant a system of hori-

zontal beams lying at fixed distances from one another and arranged be-

tween every two stories, or between the upper story and the roof; tliey are

intended to carry both the ceiling of the lower storj- and the floor of the

upper one. Those courses of beams which lie directly under the roof are

called " attic courses," in contradistinction to the story courses. In the

construction of these courses, it is of the first importance that the injurious

sagging of the beams and disagreeable shaking of the floor should be pre-

vented by choosing beams of the proper cross-section. This is regulated

by the load to be sustained, by the span, and by the distance of one beam

from another.

Supporting-power ofJoists.—The load is partly constant (dead load,

comprising the weight of the beams themselves, of the ceiling, the floor,

and the filling in) and partly variable (live load—furniture, goods, persons,

etc.). The former maybe calculated exactly; experience is the only guide

in estimating the latter. For instance, in dwelling-houses, from sixty to

eighty pounds are assumed for each square foot of floor-space; in schools

and assembly-rooms, from eighty to one hundred pounds; in storehouses,

from one hundred to one hundred and twenty-five pounds.

Span of Joists.—As regards the span of the joists, or the distance be-

tween the nearest supporting-points, it is necessary to keep within fixed

limits, these being determined by the fact that the supporting-power of the

beams does not increase pro rata with their own weight. As an average

limit for the span, 25 feet may be assumed, the depth of the room not ex-

ceeding this save in cases of necessity. The distance of the beams from

one another must also not pass a fixed limit, chiefly in order to prevent the

floor-boards from sagging; this distance maybe from 2>^ to y/i feet, meas-

ured from centre to centre of the beams. The joists are given an oblong

cross-section, as shown in Figure 17 {pi. 3).

If the width of the rooms over which beams are to be laid exceeds 25

feet, a mere increasing of the cross-section will not suffice, but either arti-

ficial supports for the beams at various points in their length, consisting

of wooden or iron girders or of posts, must be applied, or, if it be the

uppermost course of joists, some method of suspension from above may be

made inside the attic. This will be treated more fully under Roof-con-

struction. Some help may be had by laying two joists close together and

connecting them with "dowels."

The following additional remarks respecting joist courses will be found

pertinent: (i) The bearing at the ends of the joists must be at least equal

to their height; (2) Wherever possible, the beams are to be laid in the

direction of the depth of the room or building; (3) If a chimney or other
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obstacle occurs in the course of the joist, the latter must be trimmed for it

that is, cut off and connected with the adjacent joists by a beam-trimmer;

(4) If a solid wall runs parallel with the direction of the beam, a beam

lip-hter than the rest (wall-beam) is to be set at each side of the wall, pro-

vided the latter is to be continued higher up; but if the partition is of

framework, the effort should be made to set a beam upon it, so that the

beam may act as a cap for the lower partition and as a sill for the upper

one.

The Ceilings may be constructed with visible joists, as in Figure 18 {pi.

3), or the joists may be concealed with boards or with lath and plaster.

The space between the joists should not be left entirely vacant, but to

render the ceiling proof against the penetration of moisture, sounds, and

cold air, a false floor carrying some kind of solid waste material should be

interposed. Figure 17 shows the arrangement of such a false floor, which

is slid into the grooves or rabbets in the beams. It may also be rested on

strips which have been nailed on.

Ceiling Supports in Wood.—Special supports for ceiling joists are often

required, on account of the great width of the rooms. That these supports

can be employed in a rich and tasteful manner is shown in Figure 18; it

represents the interior of the great hall in the so-called "Giirzenich" at

Cologne. Twenty-two columns of oak are connected by light wooden

arches whose spandrels are filled in with Gothic fretwork. The effect of

the whole is much increased by skilfully-disposed polychroming and gild-

ing. The length of the hall is 132 feet; the average height 46 feet, the

span of the centre aisle 43J< feet, and that of the side aisles 11^ and 21%
feet respectively.

Flooring.—In Paris, during a protracted period, much attention has

been eiven to methods for deadening the communication of sound and of

fire between different stories of houses or buildings de\'oted to multifarious

purposes and occupied by numerous tenants. A demand for the accom-

plishment of similar objects has materially increased in American cities

since a considerable number of tenement-houses, French flats, and gigantic

business edifices have been erected.

The Parisian Method of Flooring differs radically from that generally

adopted in other countries. It aims to secure in the solid mass of the walls

the support of the girders which sustain the floor, and, while the floor itself

is framed, it is said that boarded floors are not to be found in any of the

dwellings of Paris except those of the most costly description. Whether
the floors are boarded or not, the flooring joists are as completely cov-

ered on the upper side with a coating of mortar as the ceiling below is cov-

ered with a coating of plaster. In the principal portion of the space adja-

cent to the joists rough battens are placed as close together as they will lie,

and on this foundation, which serves a purpose analogous to that served by

laths in interior walls, floor-mortar is spread to a thickness of about 3

inches; and, as a compact combination occurs to a considerable extent in

the entire mass between the ceiling and top of the floor, it may be said that
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different stories are separated rather b}- a wall than by such materials as

usually separate the different stories of American buildings. The result

of the Parisian system is a firm floor, upon which paving-tiles are generally

laid in ordinary dwellings. The safeguards against the communication of

fire and of sound are increased by this additional precaution, and an inde-

structible floor is provided. In applying large quantities of mortar to the

foundations of floors, special efforts should be made to guard against the

effects of expansion. Modern practice in Paris in reference to floors is to

use wrought-iron joists rolled in I-, T-, and I-forms, and to fill in with

strong mortar or plaster. Details will be more particularly described in

the discussion of iron structures. In some cases, to lighten the aggregate

weight of the structure, earthen pots have been placed between the joists,

and the spaces filled with mortar.

Roof Construction 271 Wood.—The word "roof" is used to express the

covering that is designed to protect the interior of any building from the

weather. In carpentry the term "roof" is restricted to the framework
upon which an external coating is secured, which in large buildings is per-

haps the highest triumph of applied science displayed in the edifice.

Considerations in RoofPlanning.—"Vh^ means of supporting this outer

covering of roofs is the chief consideration in their construction, and in

making the plan it is in the first instance necessary to decide upon the

general form and the angle at which the surfaces should stand; in the next

place should follow the consideration of the construction of the timber-

work which serves as the support of the covering itself, the boarding, the

dimensions, particularly the depth of the building, the dimensions of cer-

tain of the inner apartments, the position of such inner walls as have a

modifying influence, etc. Framework in timber has until the recent sub-

stitution of iron been almost the only method of forming roofs, and the

object has been to arrange the timbers so as to combine the greatest

strength and stiffness with the least weight of material, avoiding lateral

strain or thrust upon the supporting walls, and so as to present two or

more inclined planes for the slopes of the roof over the enclosed space.

Forms of Roofs.—Roofs in general, notwithstanding the great variety

in shape and appearance, may be reduced to two kinds—the lean-to and

the saddle roof The simple form known as the "lean-to," or shed roof,

was primarily constructed by merel}' laying pieces of wood across in the

position of an inclined plane, in order to throw off the water. Both of

these classes of roof may, however, when presupposing the simple right-

angled ground-plan, terminate at the sides by gables, or be hipped—that

is, sloped—on the narrow sides. Figure 19 {pi. 3) represents the saddle

roof with gables at the sides, the gable in the middle not being taken into

accoiint. The line at the top, which is common to both surfaces, is called

the "ridge" of the roof. In Figure 20 is exhibited the example of a sim-

ple hipped-saddle roof erected upon a right-angled ground-plan. It shows

four oblique lines of intersection or hips, besides the ridge. The slopes are

triangular surfaces, while the others have the form of the parallel trape-
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ziuni. Figure 21 (//. 3) shows the pavilion-roof, a special form of the hipped

roof suitable for square or polygonal ground-plans. All the connecting

roof-surfaces are triangular. Steep roofs of this class, when erected upon

towers, are usually called "spires." Figure 22 represents a flat-topped

roof which might be described as formed by cutting off a sloped or hipped

roof horizontally. All the surfaces have the form of the parallel trapezium.

The platform is not made perfectly horizontal, but is provided with a slight

fall on each side; it is used either to lessen the height of the roof without

altering the angle of inclination of the surfaces, or, in the case of an irregu-

lar ground-plan, to conceal that irregularity, which is then communicated

to tlie platform only. Figure 23 shows the simple lean-to roof with no

side slopes; this form is generally used in cases where a building stands

with its long side close to a party-line. Figure 24 presents a mansard or

broken (curb) roof with a hip-slope. The surfaces here appear broken

—

that is, the lower portion of the roof is considerably steeper than the upper

—a moulding or projection being placed where the two surfaces meet.

OtJier Forms of Roofs.—Besides these varieties, there are roofs with

curved surfaces, domes being included in this class. There are also com-

posite roofs, which are erected over more complicated ground-plans, par-

ticularly plans with projecting angles, every angle occurring in the ground-

plan having the effect of making a valley in the roof—for instance, such a

valley as is seen in Figure 19—arising from a projection of the building.

Angle ofInclination ofRoofs.—In considering the angle of inclination

in roofs, it is generally assumed to be the same throughout the same struc-

ture, depending chiefly upon the character of the covering material, but

also with due consideration to the position, the style, and the purposes the

building is intended to serve. It should also be stated that it is not usual

to regard the inclination of the roof as a question of degrees, but rather

with reference to the fitting proportions necessitated by the relative heights

of the roof and the depth of the building, the saddle roof being always pre-

supposed. In cases where tolerably good tiles are used as covering mate-
rial, the inclination may be estimated at from one-half to one-third of the

depth; with tiles of good quality, the proportion may be from one-fourth

to one-fifth; with slate, from one-fourth to one-sixth; while with tarred

felt or similar roofing material, as well as with metal, the slope maybe less

steep. In all forms of timber roof construction, it is important to overcome
the thrust proceeding from the oblique position of the roof and to prevent

displacements in the longitudinal as well as in the transverse direction;

these results are generally attained by triangular connection.

Roof Construction.—Timber roofs are constructed in the most varied

manner; for the purpose of this sketch the methods employed will be con-
fined to the more usual systems and to a few characteristic examples. It

is understood that the saddle roof only is referred to. As a rule, the sup-
port of the material of the roof—or, rather, the immediate support—is

effected by inclined timbers or rafters, but occasionally this duty is per-

formed by liorizontal timbers, or purlins. These rafters either stand
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directly on the attic joists or the joists may lie lower than the ends of the

rafters. By lowering the joists, as in Figures 26 and 28 (/>/. 3), the con-

struction, it is true, becomes .somewhat more complicated, but in another

way some advantages are gained. Among these may be cited the ease

with which the space in the attic may be utilized in avoiding the useless

angles of the roof; there is also a decided gain in the decreased slope of the

roof, and also an increase in the height of the fagade, etc. No essential

difference in the system of construction results, however, from this lower-

ing process, while a difference does result from the manner in which the

attic joists are supported or sometimes omitted altogether.

Roof-trusses.—This brings us to the subject of trusses, which may be

classified as follows: (i) Roof-trusses with sufficiently-supported attic

joi-sts; (2) Roof-trusses with suspended joists; (3) Roof-trusses without

joists.
,

(i) Roof-trusses with Sufficiently-supported Attic foists.—If the entire

depth of the building is not more than 25 feet, the beams as well as the

rafters will require support only at the ends. Each pair or brace of

rafters is secured at the apex by mortises and pins and is tenoned into

the joists below, with which it forms a triangle and a so-called "roof

couple." These couples are set at a distance of from 2^2 to 4 feet. To
prevent displacements lengthwise, "storm braces" are nailed obliquely

upon the lower side of the rafters. In steeper roofs each two rafters are

joined together for half their length by a horizontal timber mortised in and

called the "collar beam." If the depth of the building is more than 25

feet, "standing-posts" are introduced, which may be either vertical or

inclined.

Standing-post Roofs.—The characteristic point in standing-post roofs is

that the separate main couples have posts which are mortised into the attic

joists and carr>- purlins proceeding along the length of the roof; these, in

turn, take up directly either the rafters or the collar beam of the rafters.

The rafters are then notched down to the purlin. For the prevention of

longitudinal displacements, struts are used, being mortised in obliquely

between the purlins and the posts. In the simple standing-post roof there

is in each main couple but one post, which, as a rule, extends up under

the ridge beam. The simple post roof will answer for buildings having a

depth of from 25 to 33 feet; the attic joists must in this case be supported

by a wall, or by something similar, at least once in the course of their

length.

In the double standing-post roof (fg- 25) there are posts in each main

couple, either with a collar beam, as is shown in the left side of the figure,

or without one, as on its right side. In the latter case a "straining piece"

is used, but of course only in the main couple, and it is placed between the

purlin and the posts, which are connected with the latter, as in the Figure,

by a corner-brace, and halved with the rafters.

Tiie Oblique-post Roof {fig. 26) has inclined side-posts, which, in the

case of the collar beam here represented, carry the purlin above, and, be-

VoL. v.—

4
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ing mutually conuectcd by a horizontal timber, the straining piece, are

further stiffened by oblique braces. The left side of the Figure exhibits

this arrangement. The oblique post without collar beams is shown on the

right. Here a connecting strain-piece rests first on the post, and upon the

former, in the angle with the rafter, the purlin. Both portions of the Fig-

ure show also the "sunken-joist course," which maybe applied in like

manner in the double standing-post roof The double standing- and

oblique-post roofs are suitable for buildings with a depth of from
2>2,

to 46

feet. The former style furnishes a more solid kind of construction, while

the latter affords the advantage of a more open and unobstructed floor-

space. For buildings with a depth greater than 46 feet, there should be

used either the combination of the single standing- with the double stand-

ing-post roof (triple standing-post roof), or the combination of the single

standing- and the oblique-post. In both cases the middle post must be

placed under the ridge beam.

{2) Roof-triisscs ivith Suspended Jois/s.—The suspension of a beam

—

that is, its support from above somewhere in the course of its length—may
be either throughout its entire length, if there be no other support inside

the building from below, or only upon a more than usually large free-lying

part of the beam. The suspension itself may be either single, double, or

compound.

Single Stispension-truss.—The roof-truss in Figure 27 (//. 3) repre-

sents an instance of single suspension, the beam at its middle being fast-

ened to a suspended post which, in turn, is held by the oblique timbers

directed toward the supported ends of the suspended beam. The suspended

post (king-post) takes the place of the standing post, and thus appears only

in the main couple. The rest of the ceiling joists are held by girders fast-

ened above or below the tie beam; if not, as assumed in this diagram, the

joists, as they run lengthwise of the building, are fastened directly to the

tie beam, which serves as a girder. The ceiling joists are hung to the tie

beam by screw-bolts. If the rafters are to be again supported at any point

in the course of their length, the necessary purlins, as the Figure shows,

are to be laid on a horizontal double straining-piece, which is bolted to the

inclined struts and to the post. The simple king-post roof is suited for

depths of buildings that do not exceed 32 feet.

Double Siispension-tiiiss.—Figure 28 shows a roof with two suspended
posts (queen-post roof) and "sunken joists." The support of the ceiling

joists is effected by girders lying upon the tie beam at the foot-end of the

queen-post. Besides the inclined struts, we have here also the straining

beam, which serves to resist the pressure made in the inclined pieces

against the posts by the suspension. In other respects the queen-post roof

is treated in a manner corresponding to the double standing-post roof, and,

like the latter, is suitable for depths of buildings of from 32 to 46 feet.

Combmation Stispension-truss.—Figure 29 gives an example of three

suspended posts (combination of king- and queen-post roof) built over the

apartments, meeting at right angles, a point in the construction being that,
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instead of a full-joist course, tie beams only are present; so that the girders

above and below are not necessary. The illustration represents the con-

struction of the roof-truss in the basilica which Vitruvius, who lived in the

time of the Roman emperor Augustus, projected for the Julian colony at

Fano, and described in his work De Archilectura. It has been restored by
VioUet-le-Duc, partly from such ruins of the basilica as could be depended

upon as guides, and partly from the brief descriptions of Vitruvius. The
span is 583^ feet. The triple-truss frame is suited for depths of buildings

from 46 to 65 J^ feet, and is formed, as the illustration shows, by combina-

tion of the single with the double truss, it being necessary here to construct

the truss-posts of the latter of two timbers laid together and bolted.

Truss-frames over different portions of the beams will not require any

particular description or illustration after what has already been said; it

may be stated, however, that in some cases truss-frames are also arranged

lengthwise with the roof.

(;i)
Roof-tmssestvitJwut Joists.—When a closed attic is not required and

the view of the roof construction does not interfere with the manner in

which the room is utilized, the roof beams proper maybe omitted entirely,

or, as Figure 30 (//. 3) shows, the tie beam alone may be used, the

former being resorted to chiefly in those cases where the interior is to be

kept, as far as possible, open, like a hall. The interior here is required

not only to uphold the roofing material and its support, but also to resist

the thrust of the roof upon the enclosing walls to the greatest practicable

degree. This is effected either by the suitable connection of long timbers,

or by the aid of iron rods or cables, or, finalh', by plank rafters.

Figure 2)i shows the roof-truss constructed by Von Moller over the rid-

ing-school at Wiesbaden. Purlins instead of rafters are used in this case

for supporting the roof material. They are secured at certain places to a

sort of rafter. The latter are, in turn, so supported by various struts, which

cross one another and are partly doubled, and also by a horizontal double

tie, that the thrust upon the enclosing walls is almost overcome.

The method of construction shown in Figures 31 and 32 is the one em-
ployed in the Sangerhalle, built in 1865 at Dresden. This will be referred

to when describing Plate 19. The peculiarity- of this roof-truss, constructed

by the architect Edward Miiller of Dresden, consists not only in the use

of lattice-rafters composed of stays set together and purlins spanned be-

tween to support the weaker parts {Jig. 32), but chiefly also in the combi-

nation with pairs of wire cables, which, suspended to large poles, proceed

diagonally downward and are finally fastened in the earth. To provide

against any injurious side-thrust, a counter-cable connecting the lower

ends of the lattice-rafters is also used. The span of the roof-truss between

the large poles is 148^ feet; the distance between every pair of main-

couples is 33 feet.

RooJ-trusses zvith Plank Rafters, the details of which are shown in Fig-

ure 33, are not always used without roof-beams, but the latter are at least

not to be regarded as an essential part of the roof-truss, for the plank raft-
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ers, on account of their construction, exert but little horizontal thrust upon

the enclosing walls. The characteristic point in this construction, which

was used first by the French architect Delorme as early as the sixteenth

century, consists in the fact that from three to five layers of short arched

planks are nailed together, with broken joints. They thus form arch-ribs

of great stiffness and resisting power. The joining in the length consists,

as the Figure shows, of horizontal pieces mortised in and bolted on the

upper and lower sides of the rafters, as well as wedged in by the pieces

running through them. These plank rafters are chiefly used in the con-

struction of roofs with rounded surfaces, particularly cupolas, the material

intended to serve as a support to the roofing material being brought

directly in contact with the plank rafters. An interesting example of this

class—in which, also, the illustration given belongs—is the cupola, no
feet in diameter, of the Catholic church at Darmstadt built by Von
Moller.

In the three systems of construction which have been already discussed,

the simple saddle roof alone has been under consideration, and the dome
is mentioned only in the last example; space does not permit the treatment

of roof-trusses for other forms—namely, the platform, hip, pavilion, man-

sard roof, etc., for which the reader is referred to the numerous special

works on carpentry and building.

Wooden Stairs.—In large mansions, and in other situations where ele-

gance and convenience are the chief objects of consideration, winding stairs

are never introduced when it is possible to avoid them. The best archi-

tectural effects are produced by the use of rectangular stairways with orna-

mental railings and newels. In structures of the Gothic st)le, no other

kind can be introduced for a principal staircase with propriety and har-

mony of design. Modern architecture, however, admits of great latitude

in this respect, the stairway frequently ending in a circular form, and the

railing continued, beginning from either a scroll or a newel. When there

is a wall at each end, the stairs are merely built in at the time the edifice

is constructed; but if they are supported at one end only, they are styled

"geometric" stairs, and depend entirely on being securely wedged into

the wall, as they rely solely for stability upon the wall and the support

which each derives at one edge from the step below. If square in section,

they are styled "solid" steps; but, as the under side, or sofiit, is then

irregular, it is usual to make the steps somewhat triangular in shape, so as

to present a continued soffit. In this case they are styled "arris," or
" feather-edge," steps. Care is required that there should be no sudden or

irregular changes in the curves.

The rules governing the ratio of ascent in stairways, and also the gen-

eral styles of construction, have already been considered in the section

devoted to the description of stone stairs, and the same remarks apply to

the erection of wooden stairways. In respect to the construction of the

latter, attention need be bestowed only upon those which are composed of

posts and boards, for the reason that those formerly built of beams, after
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the manner of stone stairs, and known as "block stairs," have become
practically obsolete, on account of the great quantit}' of wood necessary to

their erection and the serious danger from fire consequent upon their use.

Supports and Steps.—Wooden stairs obtain their support from '

' strings, '

'

the steps being either housed in {pi. 3, Jig. 34) or saddled {Jig. 35). The
former plan is the more generally employed. Each step consists of a hori-

zontal portion, or tread, and a vertical portion, or riser. The former is

usually made from i^ to 2 inches thick, and the latter from ^ to i inch,

while the thickness of the strings is from 2 to 2,% inches, according to

their length and the size of the stair. In stairs with housed-in steps, the

latter are set into grooves from ^ to i inch deep, which correspond to the

step profile, while in those with the saddled tread the strings are to be cut

out above, in accordance with the tread and riser, which are then screwed

on. For the rest, as regards the form of the string-boards, they are straight

in stairs having a straight flight, but in the case of winding stairs, as in

the illustrations, they are curved once when the ground-plan has straight

borders {Jg. 34) or are double curved if the borders are curved. These
curved string-boards are used also where the stair does not wind around a

column or spindle. Such a curved piece is shown in elevation in Figure

34^, and in ground-plan at b. All curved string-pieces must be cut out of

the timber beam, and the pieces must be connected by screw-bolts at the

joints, which are generally vertical.

Doom's and Windoivs.—Considerable ingenuity, intermingled with a

number of modern improvements, has been displayed in connection with

the construction of doors and windows. At early stages of erection pro-

vision must be made for the apertures in which they are to be placed, and

the proper performance of this task forms an important feature of the

labors of builders. Doorways are fitted with jamb linings and architraves,

or pilasters.

Doors hung in two equal widths and to the opposite side posts of jambs

of the frame are called folding-doors, or double-margined, and they are

necessarily similar. They are most frequently used in the interior con-

struction of dwellings and the entrances of relatively large edifices. Partly

for ornamental purposes, but more especialh- to reduce to the lowest attain-

able point the inconveniences arising from shrinkage—which is one of the

greatest defects of wooden material—doors are panelled to the extent of

using two, four, six, eight, or in some cases even ten, panels. Consider-

able care is requisite in hanging a door in the best manner. Special eflTorts

should be made to establish a proper relation between the door and the

hinges, as it is necessary that the various parts should be accurately fitted;

otherwise, movements will be obstructed and the hinges injured. One of

the diilRcnlties is to make doors clear a carpet and \-et be close to the bot-

tom when shut. The best method of avoiding annoyance from this .source

is to attach a piece of wood about one-fourth of an inch thick to the part

of the floor immediately under the door when it is shut. The successful

working of doors may be facilitated by the use of various forms of im^Droved
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hinges, one of which is known as the rising, or skew-bnt, hinge. It is so

arranged that if more than half opened the door goes to the walls, and if

less than half opened it closes itself

Windozvs.—The arrangement of windows, sashes, shutters, and shutter

fastenings has been subjected to a number of variations. In English

nomenclature the upright sides of the outside frame of a sash are designated

"styles," and the transverse or horizontal parts are called "rails." The
inner framework or divisions for the panes are called "upright" and

"cross" bars, but the latter titles are subject to modifications based on

variations in moulding. Sashes are either hung upon hinges or hung with

lines, pulleys, and weights. When hung with hinges, they are usually

called "casements." Sashes hung with lines require cased frames to

receive the pulleys and weights. In the arrangement of sash-frames great

accuracy and skilful workmanship, as well as the selection of superior

material, are necessary to produce satisfactory results. There are few

things in dwellings more subject to decay, disorder, and disarrangement

than appliances used in lowering and raising windows.

In constructing sash-frames the sill is generally made of durable mate-

rial; the sides are made of boards grooved to receive a parting bead; the

ends of these boards are fixed into the upper surface of the solid sill below,

and into a board parallel to the sill which forms a head above, and they are

called "pulley-pieces " because they receive pulleys let into them near their

upper ends. Linings are nailed on the edges of the pulley-pieces and to

the sill and head above and below, inside and outside. The casing is com-

pleted by fixing thin linings on the outer edges of the outside and inside

linings, parallel to the pulley-pieces, to prevent obstruction to the free

movement of the weights, and devices are adopted for facilitating the con-

venient removal of sashes. The fitting of sashes is postponed until the

frames are immovably fixed, for the purpose of making due allowances for

inaccuracies in the frames. After the sashes are fitted, a plough-groove of

proper dimensions to receive the sash-line is made in the edges of about

two-thirds of the length of the styles. Subsequently a sash is weighted;

two weights are selected which together nearly amount to a counterpoise,

and by either of several methods the sash-line is attached and arrangements

are completed for conveniently raising or lowering the sash.

Window-shutters are usually framed in a style corresponding to that of

the doors and other framed work of the room to which they belong. A
variety of methods of constructing, fastening, and arranging shutters has

been adopted, and details are subject to numerous changes from time to

time in many localities.

Bell-frames are structures designed for the support of bells. Formerly

they were invariably made of wood, but now they are frequently constructed

of iron. For the wooden bell-frame, an example of which is given in Fig-

ure 36 (//. 3), it may be remarked that good well-seasoned timber is abso-

lutely necessary, and the whole joining must be so carried out that no dis-

placements nor sagging can result from the swinging of the bell. The shape
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of the bell-frames must depend upon the number of the bells and the man-
ner in which they are arranged, as well as upon the very limited amount
of space that can usually be devoted to them in the towers in which they

are erected. In making them, the builder avails himself of sills, posts,

plates, braces, and struts, as in other works of carpentry. These pieces

—

which are not only mortised together, but are also bolted and armed with

iron at the joints—form collectively the frame for the support of the heavy
wooden bell-yoke, which rests in sockets. The beam is generally com-
posed of two or three timbers fastened one upon the other by iron straps

and dowels. The bell itself is fastened to the yoke by strong iron bands.

On the lowest part of the beam' are the iron trunnions, resting in collars,

thus enabling the bell to be turned or swung. Many plans have been pro-

posed for obviating the injurious effects of the swinging of the bell, the

best being to bring the suspension as nearly as practicable above the level

of the trunnion, thus obtaining a more elevated position for the centre of

gravity of the bell by the use of an iron yoke turned upward in a curve.

Figure 36 (//. 3) is taken from Romberg's work Die Zimmerwerks-Bau-

kiinst^ and shows the bell-frame in Saint Thomas's Church at Leipsic.

IV. CONSTRUCTION IN IRON.

Wrought iron and cast iron are coming more and more into tise in

building construction, not only as accessory materials for making nails,

bolts, etc., but also for the construction of independent parts of buildings

and of entire edifices. At present attention will be confined to the con-

sideration of buildings in which iron plays the principal part. But before

proceeding to this branch of the subject it will perhaps be better to devote

a few words to the manner in which the several portions of the iron-work

are united. This union is effected by two distinct methods, to one of which

belong riveting, soldering, and welding, while in the other are comprised

the joinings made by the use of screws and wedges.

Methods of Uniting Iron.—Riveting is preferred for wrought iron, for

which material it is used exclusively, while wedging and soldering are

used for both wrought and cast iron, and screws especially for cast iron.

In riveting, the joining, particularly of plates—for example, boiler plates

—

is effected by rivets, which are short wrought-iron pins with a conical head

on one end; these are passed through the rivet holes in the pieces to be

joined, an additional head being formed on the plain end of the pin by

hammering after it has been set in place. Soldering consists in introdu-

cing another metallic substance, in a melted state, between the surfaces to be

joined, which must be quite clean. Pure copper affords the best solder for

iron. Welding consists in heating red-hot the portions to be joined and

uniting them intimately together in this condition by hammering. When
pieces—for instance, two plates—are to be connected by screws, use is made
of a screw-bolt with a nut and head, the nut being set on and tightened up

with the wrench. As in riveting, the pieces to be joined must have suit-

able holes pierced through them before they are screwed together. Wedg-
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ing, where the pieces which have been slit are held too;ether by wrought-

iron wedges driven in, is more used in machinery than in building. Fin-

ally, it may be added that in these iron joiiits, just as in woodwork, the

ends of the pieces may be fashioned in such special ways as will best in-

sure a firm and solid connection. In iron- as well as in woodwork, scarf-

ing, forks, dovetail, tenons, etc., are employed.

Beams and Girders.—As in the case of free-lying wooden beams the

oblong cross-section stands in relation to the sides as 5 : 6, so in the case of

iron girders the I-shaped cross-section is the best, so far as regards the

least relative consumption of material. Other forms of cross-section—as,

for example, the simple T or the U—are 'used only in exceptional cases

for free-lying beams and girders. Beams and girders of this description

may be cast, or, if they are to be of wrought iron, may be rolled, or may

be made of vertical and horizontal plates riveted together with the aid

of angle-plates, or, finally, by riveting together single rods crossing each

other and having horizontal top and bottom plates (lattice girder), also with

the aid of angle-irons. The dimensions of the cross-section of all such

girders will depend not only upon the material and the method of manu-

facture, but chiefly also upon the special purpose to which they are to be

applied, and upon the stress to which the}' are subjected.

Iron-joist Ceilings.—In the construction of flat ceilings, iron beams are

more employed as girders for wooden beams, though they also may serve the

purpose of the ceiling-joist proper; but in vaulted ceilings they supply the

place of the separating and supporting ribs of the transverse arches. Fig-

ures I to 3 {pi. 4) show cross-sections of a number of ceilings, as con-

structed in Paris, with iron joists. The joists, made of rolled iron, here

receive a camber of yj^j and a depth which must not be less than -^^ of the

span. In the construction shown in Figure i, first between the joists, that

lie about 2>^ feet from one another, and upon their lower flanges, are laid

square iron rods about y^ inch in thickness and at distances of from 2\i to

3 feet; upon these are then set flat iron rails parallel with the joists and

fastened to the square rods by wire, and upon these rails comes a course of

hollow bricks, as is shown in the Figure. Finally, a layer of mortar or

plaster is poured over the brickwork, which then receives either a stone

flagging or a wooden floor. The ornamental plaster-work of the ceiling,

of plaster of Paris, is poured upon a planking before the setting of the

bricks, this planking being removed after the mortar has dried.

Figure 3 {pi. 2) exhibits various forms of hollow blocks of hard-burnt

fireclay and terra-cotta, which are much in vogue at present in the United

States in the building of important structures designed to be fireproof.

According to their form, these are designed for the construction of flat and
segmented arches between iron girders and wooden beams. They serve

a useful purpose also for partitions, furring for walls, linings for flues, col-

umns, etc.

Figure 2 (//. 4) shows a system in which hook-shaped iron rods about Yi

inch thick are hung at distances of about 2|> feet between the joists, which
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lie from 2>^ to 2^ feet from one another. This is seen in perspective in

Figure 4 (//. 4). Here again we have bars parallel to the joists, and upon
the network thus formed is a layer of mortar about 2>< inches thick, which
is supported until it has set. When a wooden floor is to be laid, wooden
sleepers are notched upon the beams, as is seen in the illustration. The
system shown in Figures 3 and 5 resembles the preceding, except that here

the iron cross-bars are run through and bolted inside the iron bands encir-

cling the joists.

Vaulted Ceilings.—When iron girders are used to replace the transverse

arch in vaulted ceilings, the vaults, generally made of hollow brick, are

supported upon the lower flanges of the girders. The cavities thus formed
are then bricked up to the upper edge of the girder. The superior advan-

tage offered by iron girders over the transverse arch consists in there being

no thrust upon the walls, and, moreover, there is a gain in height. Con-
structions of this kind on a great scale are often seen in large factories.

The example given in Figure 6 is the interior of the Joint-stock Spinning-

works at Chemnitz, in which the girders, made of plates riveted together

and braced by horizontal round iron tie rods, are intended to support the

vaults.

Iron Columns are hollow castings. The diameter and thickness of the

metal must depend upon the height of the columns and the weight to be

supported. As a rule, the inside diameter is four-fifths of the outside.

Particular attention must be paid to the manner in which the lower ends

of the columns are secured. It is advisable to screw down to the stonework

an iron plate cast for the purpose, and upon this to fasten the foot of the

column either with screws or, at least, by rebating. The manner of secur-

ing the upper end will depend upon whether another column is to be set

over it. In this case, which is also seen in the form of construction exhib-

ited in Figure 6, a connection will be necessary between the columns that

are set one over another, and it must be made either directly or by connect-

ing pieces. If necessary, the broad bottom plate of the upper column may
be set upon the broad top plate of the lower. It need hardly be said that

the girders supported by the columns are to be Secured to them by flanges,

bolts, etc.

Iron Rflof Cons/ruc/ion.—In modern times iron has been miTch used for

roofs and roof-trusses, particularly where safety from fire and great solid-

ity, combined with light appearance, are desired. For very wide spans

without intermediate supports, iron is exclusively employed, as in such

cases woodwork is not only very clumsy and complicated, but is also

always untrustworthy, and generally more expensive. Iron roof construc-

tion may be classified in two divisions, as follows: (i) That with complete

attic framing, where an attic space is to be obtained; (2) That without

attic framing, where no attic room is required. Roofs of both these varie-

ties are constructed either of iron alone or of iron and wood combined;

also of cast or wrought iron in the iron roof proper, and of the two com-
bined. The system of construction here, as well as when wood is employed,
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will be inucli influenced b)- the form of the roof. Reference is made here

more particularly to the saddle roof.

Attic Framing.—As regards roof construction of the first kind—that is,

with the attic and the iron framework necessary in this system—the best

plan, but suitable only for small spans, is to fit cast-iron shoes on the ends

of the I-beams, or to screw them on, and into these to set iron rafters

united at their upper ends by bolted or riveted plates. The beam in this

case takes up the entire horizontal thrust of the roof. When the span is

greater, additional supports are placed at various points throughout their

length under the rafters, so as to avoid too heavy cross-sections; they should

meet the joists only when they are directly supported from below, if the ceil-

ing joists are not to suffer from an improper distribution of the weight.

Cheiiiiiits SpiiDiiiig-works.—An example of attic construction on a

large scale is given in Figure 7 {pL 4), which represents the spinning-

works at Chemnitz. Reference has already been made to the construction

of the girders and columns in this building. Each rafter in this case has

a direct double support from below; besides, there is a sort of iron collar-

beam introduced higher up which contributes to the stiffening of the rafter

in the same manner as each of its supports. Round iron rods are used to

connect the rafters along the length of the roof; these are arranged in pairs,

one above the supports and one in the crown of the roof. To prevent dis-

placements, crosses of round iron are laid along the length of the roof be-

tween each pair of supports, as seen in the Figure. The iron ceiling

joists, each composed of four parts spliced together, are supported in their

length on three points of the joist, partly in a direct manner by iron col-

umns and partly by "reverse truss-frames," which proceed lengthwise and

rest upon the columns by their ends, and consist, each, of a horizontal tie

beam, two small posts, and three tension rods. The Figure also shows

these accessory constructions, which are largely employed in other works.

Suspension Framing.—If the ceiling joists cannot be directly supported

in their length from below, the only other resource will be to use suspen-

sion from above; but this is seldom seen, because these joists are mostly

used in the roofing of halls and hall-like apartments in which there is an

attic space, and consequently no necessity for special arrangement of the

ceiling joists. This system, forming the second class indicated above, is

now very largely used, and may be subdivided into such as have (i) Trussed

frames; (2) Arch-ribs set below; and (3) Flat or curved lattice rafters.

Trussed Fra}?ies.—Two examples of roof construction of the first class,

where the horizontal thrust is taken up by tension rods, will be found in

Figures 8 to 14 and 15 to 21, together with the necessary details. The
first example shows the roof construction with truss-frame according to the

system of Folonceau, as used in the Market-Hall at Nancy; the second

shows one of the same variety with truss in crescent form, as used in the

great hall of the Central Depot at Birmingham.
The simplest case of roof construction with iron truss-work is that in

which two iron struts having on their backs the purlins for the roofing
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material or for the rafters are connected directly together above, while a

horizontal round tension rod is applied below. Trusses of this kind are

generally placed at distances of about 13 feet from one another, and are

further arranged according to the position and size of the window piers.

If, because of a large span or to avoid too heavy sections, it seems neces-

sary to give the latter additional support in their length, it can be done

in the manner first suggested by the French engineer Polonceau, as seen

in Figure 8 (//. 4)—namely, by arranging the work so that the keel of

each of the two short supports of the principal struts shall be connected

with the solid apex of the latter by round iron suspension rods. The chief

tension rod in this case must consist of several pieces.

The shapes of the individual parts of these constructions, their manner
of connection, and the auxiliary pieces, will be seen among the details

i^figs. 9-14) belonging to Figure 8. The main struts are made with the

I-shaped cross-section, although their having to resist pressure in their

length must be taken into consideration, notwithstanding the fact that the

cross-shaped section is better fitted for the purpose; this is done to make
more convenient connections with other parts and for the reception of the

purlins. The struts are easily made by rolling; the supports of the main

braces, on the other hand, which likewise have to sustain compression, are

generally made with the cross-shaped cross-section. When the length is

not great, cast iron may best be used, or for somewhat longer ones four

rolled and riveted angle-irons. The tension and suspension rods, like all

that are to be subjected to tensiou, are made of round wrought iron.

Where the length is somewhat great, these rods, particularly the hori-

zontal ones, must be provided with some arrangement for regulating their

length. On account of the dividing of the rod which thus becomes neces-

sary, a light tension rod to prevent sagging is generally used. Figure 8

shows this arrangement with the tension rod in the middle. Figure 12

represents the detail, a being the elevation and b the plan. The two divis-

ions of the tension rod are inserted into a sleeve-nut at the two sides, with

oppositely-directed screw-threads, while the rod goes through vertically in

the middle and finishes with an ornamental screw. This rod is hung be-

tween two short iron beams above by screw bolts, as shown in Figure 10,

the rails, in their turn, being hung on a packing-plate connected with the

main braces.

The most important connecting pieces in roof construction with trussed

frames are at the points of meeting of the tension and suspension rods with

the support of the chief braces. Figure 11, « and b, shows one of the.se con-

necting pieces in elevation and plan as generally used—that is, so that the

individual rods and the support are attached between two wrought-iron

plates by means of short bolts. By this method of connection, a slight

movement of the rods becomes possible in the event of such changes in

dimension as are caused by variations in temperature. For this reason,

also, the connection between the braces and tension rods is not stiff, but

loose; here a fork is used, which encloses the brace or cast-iron shoe, sepa-
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rately shown in Figure lo (//. 4). This belongs to the same with its open

part, its solid portion receiving the end of the tension rod, which is provided

with a nut and thread. Sometimes a fork is placed on the rod, as on the

upper ends of the diagonal suspension rods in Figure 10.

As regards the first example {Jig. 8) of suspension-truss construction,

we may mention that the span in the clear is 39',^ feet, that the upper part

has a lantern for ventilation supported by cast-iron columns, and finally

that the purlins carrying the rafters are of wood and are fastened upon the

iron struts, as seen in Figure 14. The ridge purlin alone is made of iron,

and this rather serves to strengthen the suspension trusses in the length,

and therefore does not lie over the braces.

BoTcstring Truss: Birmiughani Raiht'ay-statio7i.—The second exam-

ple, Figures 15 to 21, exhibits the details of the iron-truss roof of the Cen-

tral Railway-station in Birmingham, England, and is an instance of the

" bowstring truss "—a system quite different from the foregoing. A girder

made of one vertical plate 15 inches wide, with four angle-irons and of cir-

cular form, takes the place of the braces; Figure 16 gives the cross-section

of such a girder at its ends and middle. The purlins lie over the iron

girders, while underneath them a system of vertical supports and diagonal

ties connected at their heel by the suspension rods, 4 inches thick, is

arranged so as to stiffen the whole. All the single ties and plates have

stiff joints, the connection being made partly by riveting, as seen in the

detail of the Figure, and partly by bolts; thus collectively they form an

immovable framework that spans a hall 208 feet in width.

This framework {fig. 15) rests at one side upon the wall of the depot-

building, where it is bolted down; on the other side it rests upon hollow

cast-iron pillars, whose upper ends are seen in section in Figure 21. To
prevent unfavorable effects upon the columns by its contraction and expan-

sion due to changes of temperature, it has a bearing of steel rollers held

together in a frame at the tops of the columns {fig. 21). The construction

of the vertical supports and their connection with the diagonal braces and

tension rods are particularly interesting. Details are shown in horizontal

section in Figure 18, in vertical section in Figure 20 and in Figtire 17^!.

Of the above-mentioned construction of the support, it may be added that

Figure 17, a and h^ gives front and side views and Figure 19 the hori-

zontal section, and that it consists of four angle-irons separated in their

length by intermediate pieces bolted to cast-iron shoes above and below,

which are common to both. The diagonal ties in cross-section are right-

angled, are 43:( inches wide by Y^ of an inch thick, and are fastened by three

screws each, above and below, between corresponding flaps on the shoes.

Arch-rib Roof: Diana Bath.—Figure 22 gives a very interesting exam-
ple of the second class of iron roofing—namely, that of the arch-rib; it

represents the roof of the Diana Bath, at Vienna, built by Etzel. The
arch-ribs which form the chief support of the whole roof are constructed

like stone or brick arches, except that here the individual parts—made of

cast iron—are immovably connected by flanges and screws, thus forming
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a rigid whole without material horizontal thrust. As the roof is sjinmet-

rical on the two sides, with an angle of thirty degrees, and is, moreover,

arranged tangentially to the arch-ribs, there arise in each main couple be-

tween the arch-rib and the surfaces of the roof and the side walls three

similar triangles with equal sides, which are filled up with open cast-iron

work. On it are rafter-like pieces, which serve for the reception and secur-

ing of the wooden purlins. The span of the whole framework in the clear,

between the foot-points of the arches, is 53,^3 feet.

The Drcxel Buildings in Philadelphia, a typical illustration of recent

American practice, worthy of note as a fine example of a great building

devoted to business purposes, exhibits certain novelties of construction.

The windows are made very wide, the piers are reduced to a mini-

mum, and in the centre of each pier there is placed an iron column on

which the floor girders bear, thus leaving the masonry to carry only its

own weight. The interior consists entirely of iron construction, the col-

umns being cased with hollow brick as a protection against fire. The
necessity of building six stories over the existing banking building of

Drexel & Co., and also over a large apartment for the Stock Exchange,

the portion of the building above in both cases having no internal sup-

ports, presented serious difficulties, but the problem was solved by using

heavy iron trusses shaped somewhat like the letter A, rising through four

stories of the building (nearly 50 feet), with their bases supported on heavy

iron pilasters built up against the inner faces of the walls. These pilas-

ters, which were made in sections of convenient length, bolted together end

to end and anchored to the walls, were afterward encased in marble, mak-

ing a very handsome appearance. Those in the banking building were set

up after business-hours, the entire work being carried on without any in-

terference with the daily business routine. The cut {pi. 5, Jig. 2) shows

the construction of the trusses which support the floors and roof. The
ground-plan of the building is in the form of a huge letter H, each wing

being 220 by 56 feet and rising 135 feet above the sidev.'alk.

Flat or Curved Lattice Girders.—As regards roof-trusses with straight

or curved lattice rafters, reference may be made to Plate 4 {figs. 23-28),

where two examples of the kind will be found. The first {figs. 23-27)

represents the roof construction of the Otto Circus, in Berlin—a pavilion

roof with straight lattice rafters. The second {fig- 28) exhibits the roof of

the main hall of the St. Pancras Station, in London—a saddle roof with

curved lattice girders.

Otto Circus.—The roof of the Otto Circus is polygonal, with a span of

122^ feet in the clear; it consists essentially of twenty straight wrought-

iron lattice girders tapered toward their upper ends, connected above by a

cast-iron ring {fig. 27), and below by I-shaped wrought-iron intermediate

pieces. The ring at the top is required only on account of the lantern set

upon it, for without the latter the rafters would come directly together in

one point; the lower polygonal pieces, on the other hand, form an essential

feature, a sort of anchor by which the horizontal thrust of the construction
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is entirely eliminated. The lattice girders (shown in detail, pi. i,,fig. 24)

are 30^4 inches deep at the lower and 22 inches at the upper end, and con-

sist, each, of two pair of rolled angle-irons and the flat bars set diagonally

between. Two curved tie pieces are set between each two lattice rafters,

as shown in Figure 23. Figures 25 to 27 represent the details of the lan-

tern. Figure 25 giving the method of connecting at the heel of the rafters

belonging to it, and Figure 26 the connection at the upper end; Figure 27,

the union of the tension rods proceeding from the heel of each rafter in a

ring common to all. The whole was constructed at the celebrated Borsig

Works, in Berlin.

St. Pancras Station.—The roof of the vSt. Pancras Railway-station, in

London {fig. 28), which was built under the direction of W. H. Barlow,

has a span of 240 feet in the clear, and rises from the walls of the building

and directly from the platforms to a height of 124):^ feet in the clear.

Each lattice girder has the form of a basket-handle arch composed of four

segments of 56.6 feet and 159.5 ^'^^^ radius respectively, and is 6 feet broad.

The angles between the arch, the roof, and the wall are filled in with orna-

mental open cast-iron work. The principal rafters are placed at intervals

of 29 feet, and from one to another are stretched fifteen iron-lattice purlins,

each of which carries three intermediate rafters of I-shaped cross-section.

In the middle portion the roof is covered with glass to a breadth of 80 feet;

the remaining portion is covered with slate.

Frankfort Central Raikcay-station.—An imposing example of a mod-
ern iron-roof structure of the lattice-girder type—perhaps the largest of the

kind in the world—is the train-hall of the new Central Railway-station at

Frankfort-on-the-Main {pi. ^^fig. i). The framework, which has a total

span of 551 feet and a length of 610 feet, consists of three semicircular-

arched naves, each of which rises in the centre to a height of 93 'j feet.

The graceful outlines of the interior are especially impressive, and the upper

parts of the heavy iron structures, in consequence of their enormous height,

look from below like a spider-web. This interesting building is referred

to more fully under Railway-stations (p. 212).

Iron Buildings.—Iron has not heretofore been used extensively for the

construction of entire buildings, for the reason that stone possesses decided

advantages as a material for walls, particularly in producing imposing
architectural effects, unless in cases where the iron is made directlvto imi-

tate stone. It has also been found by experience that iron in bulk does

not furnish a proper substance to incorporate in walls, on account of its

great expansibility under the influence of heat; but when used in the shape
of thin lamina;, as hoop-iron laid within walls in the bed-joints of tlie brick

or stone, it has no injurious effect, while it is very advantageous in that

form as a tie to the structure.

The metal is, however, employed at the present day extensively in edi-

fices not requiring solid walls, such as pavilions, observatories, exhibition-

buildings, markets, public-halls, conservatories, etc., which, even when
the dimensions are large, should be expressly designed to appear as light
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as possible, and, while possessing all necessary solidity, should be espe-

cially fitted to admit light and air into the interior. To attain this result,

glass is extensively introduced, and becomes a very important material in

the structure. In shop-fronts iron is also used to a great extent, to dis-

pense with the ponderous masses of stone formerly employed, and for the

opportunity of display necessary to such edifices. For the same reason, it

is applied to warehouses and public buildings, and is much used in the

United States for ornamental facades. In other styles of buildings the use

of this metal is exceptional. The principal exiDcriments in this direction

have been made in England, where the cheapness of the material has led

to its being largely employed in the erection of dwelling-houses for work-

ingmen.

Examples ofIron Buildings: Church at Di'inabuj-g.—As an example of

an iron building in the construction of which stone would have been de-

cidedly preferable not only for practical reasons, but also from considera-

tions of beauty, the reader is referred to Figure 29 (//. 4), which repre-

sents the church for the fortress at Diinaburg. It was constructed in 1866,

of wrought iron, by Von Struve, under whose directions it was put together

after having been transported in sections to its place of destination. This

little building—intended for one hundred and fift)^ people onh'—is said to

fulfil its purposes in every respect ; its interior is attractive, calling to mind

the Gra:co-Russian style of architecture.

Garden Pavilion and Friedrich-August Tmvcr.—Examples of various

iron structures that do not require full side-walls are shown on Plate 6

{Jigs. 1-3). Figure i shows an elegant ornamental cast-iron pavilion per-

fected in a highly characteristic manner; it was opened to the public in

1854, in the Botanical Garden at Munich. It was from the plans of the

architect Bergmann, and was cast at the ducal Salm Iron-works. Figure 2

shows the cast-iron Friedrich-August Tower, erected in 1854, on the

Lobauer Berg, in Saxony. From an octagonal ground-plan it rises in

prismatic form to a height of 93 feet, with a diameter of 147 feet; its walls

are entirely of open-work, and on its upper half are three galleries, which

run all the way around and are reached by an open-work spiral staircase

of one hundred and twenty steps, occupying the whole interior. The vari-

ous sections are connected by flanges and .screws in the usual manner.

Artcsian-ivcll Tower.—Figure 3 represents the cast-iron tower-like col-

umn of the artesian well at Crenelle, on the Place de Breteuil, in Paris; it

is peculiarly graceful and characteristic in form, as well as ingenious and

correct in construction. The broad substructure, which is partly of stone,

and the tapering of the coluuin, impart to the whole an appearance of great

stability. In the centre is the essential part—namely,, a hollow cylinder,

26 feet in diameter, which is made of a number of pieces set together, and

which serves as a casing to protect the stand- and supply-pipes of the well.

Six uprights take the place of outer walls. Between these and the cylin-

der is a winding staircase which affords access to the three balconies of the

column and firmly unites the chief interior and exterior parts. The six
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iipriglvts on the exterior, moreover, are coiniected by the stair-railing and

held together by the balconies. The open-work steps rest at either end

upon suitable supports cast in the same substance as the inner cylinder and

the pillars. The column is nearly 140 feet high, and weighs 167 tons. It

is connected with the stone substructure by thirty-six bolts of i^ inches

thickness. All the portions of the construction are so calculated and dis-

posed as to resist the most violent winds.

Capitol Dome.—An example of a building in which iron is used in imi-

tation of stone is given in Figure 4 {pi. 6). It is the dome of the Capi-

tol at Washington, work of this kind being frequently used in America.

The substructure—not given in the Figure—is of stone, as is also a portion

of the inner circular base of the dome. The total height from the level of

the street to the top of the Figure is 287)^ feet, of which, however, 69 feet

are upon the stone substructure. The octagonal base has an extreme

diameter of 135 feet, while that of the upper hemispherical exterior part is

104 feet, and that of the rottinda in the clear is 94 feet. Thirty-two

wrought-iron girders of lattice-work, tapering toward the top, form the

chief supports of the "lantern," as well as of the three domes, placed one

over the other; the innermost dome has sunken panels and is left open

above, so that the frescos on tlie vertex of the second dome, which is open

at the sides, niay be visible. The girders are so held together by a strong

iron ring at their base that they cannot occasion any horizontal thrust.

The various parts of the construction—for example, cornices, columns,

balustrades, etc.—are all of hollow iron, and some are stiffened on the

interior by lattice- and web-work. The dome and the wings of this

immense building were designed and erected by Thomas U. Walter.

In regard to the above-mentioned iron buildings in hall-form, the

reader is referred to Figures 5 and 8 to 11, which include three most inter-

esting examples.

The Markct-liall at Lyous^ built by Desjardins in 1858, is represented

in perspective cross-section in Figure 5. This building, which is beauti-

fully carried out, resembles a basilica—not merely because the whole in-

terior is divided into three aisles by arcades of columns, but also because

the height of the middle aisle is greater than that of the sides; the middle
aisle also, as is generally seen in the Roman basilicas, is twice as wide as

either of the side aisles—that is, 39 feet, as against igj^ feet of the sides;

so that the total width in the clear is 78 feet. In its longitudinal measure-
ment we find in each row twenty-one columns, spaced 19)^ feet from one
another, which corresponds to a total length of 433 feet. The columns
themselves are connected, both crosswise and lengthwise, by cast-iron open
arches, and the angles left between the arches and the roof are filled in

with web-work. A good idea of this arrangement, as well as of the con-

nection of the various parts by flanges and screws, is given in Figure 6; it

also shows the characteristic and attractive forms, while Figure 7 shows
the details, of the columns. The roof-framing is of wood, except that a

saddle of iron rods and glass is set over the middle aisle, to serve as a sky-
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light. In addition to the illumination obtained by tliis, and the glazed

side-walls and ends, light is also admitted through glass in the higher

side-walls of the middle aisle, and corresponding ventilation is afforded.

There is a cellar under the whole. The weight of the iron-work is three

hundred and fifty tons; the total cost was one hundred and ten thousand

dollars.

New York Industrial Exiiibition Building.—The exterior and interior

views of another iron building in hall-form—namely, the industrial-exhi-

bition building erected in New York in 1853—are given in Figures 8 and

9 {pi. 6). The ground-plan of this boldly-constructed, light, and elegant

building of iron and glass was in the form of a Greek cross, between the

arms of which additional one-storied structures of triangular ground-plan

were introduced; so that the proper plan of the building took the form of

an octagon. The diameter of the entire area, exclusive of the entrances,

was 365)^ feet. In the centre of the cross a large dome, sixteen-sided in

ground-plan, was supported upon slender iron columns; it was 160 feet in

diameter by 122^2 feet in height to the vertex. The arms of the cross,

149 feet total width, were divided into three aisles of nearly equal width,

wdiich were arranged like those of a basilica, or so that the middle aisle

was higher than the side aisles. The centre aisle, moreover, was clear to

the roof, while the side aisles, with flat roofs, had galleries, and were thus

two-storied. Each arm of the cross was flanked by two towers 69^'^ feet

high b}' 14^ feet in diameter, which contained the staircases leading to

the galleries, the principal stairways being near the dome {fig. 9).

The lower floor had, in all, one hundred and ninety octagonal columns,

of 21 feet height and 7J2 inches diameter, with walls from ^Y^ to 10 inches

in thickness; the upper floor had one hundred and forty-eight columns, of

17^ feet height. These columns were connected by cast- and wrought-

iron lattice girders, partly to give stiff"ness and partly to support the gal-

leries, while semicircular open-work arches served for the support of the

roofs over the centre aisle, the angles being filled in with open ornamenta-

tion. The cupola of the dome was supported by thirty-two iron arches.

The roofs over the aisles, as well as the cupola, were boarded, and covered

with tin. The exterior of the whole was pointed with oil-color of a bronze

shade, the arches and other prominent portions being gilded. The total

weight of the cast iron was 1475 tons; of the wrought iron, 295 tons. The
total area, including galleries, was 250,000 square feet, and there were

55,000 square feet of glazed surface.

Sydenham Crystal Palace.—Figures 10 to 14 give exterior and interior

views, together with some of the details, of the most imposing and largest

of iron buildings—namely, the Crystal Palace, built by Joseph Paxton, at

Sydenham, in the southern part of London. This immense iron structure

was really re-erected from the Hyde Park Exhibition Building of 1851,

changes in the dimensions, and also architectural improvements, being

made in it when transported to the new site. Among these alterations, the

total length was decreased by about 25 feet, and an additional story was
Vol. v.—

5
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placed over the fagade next the park, increasing the height by about 40

feet. The building was commenced in the summer of 1852, and was

opened in the summer of 1854 for the permanent exhibition of articles of

industry and art of all times and of all nations. The main, or centre,

aisle is 120 feet wide and 190 feet high; each side-transept, 72 feet wide

and 156 feet high; while the total length, without the side-wings, is 161014^

feet—including them, over 2004 feet—and the total height, 385 feet.

There are five galleries placed one over another in the main transept, but

elsewhere there are two. Figure 12 (//. 6) gives an interior perspective view

of one of the upper galleries; the exterior of all these galleries is seen in

Figure 10. All the walls and roofs are glazed. The roofs are supported

by large curved lattice girders, as seen in the interior view {Jig. 11). The
details given in Figures 13 and 14 show how the bottom iron columns in

the different galleries are connected by flanges and bolts.

T/ie Eiffel Tozvcr.—The most remarkable of all iron structures is the

Eifl"el Tower {pi. 5, Jig. 3), erected in Paris to serve as a leading feature

in the International Exhibition of 1889. As projected, it is extraordinary

not only on account of its great height (300 meters, or 984 feet)—which is

nearly twice that of the Washington IMonument, formerly considered the

highest artificial structure in the world—but because it is entirely of iron.

It is in the form of an open framework or lattice-work, and, taking into

consideration the material employed and the type of the construction, it

probably combines the highest attainable strength with the least possible

weight. These elements are of prime importance in a work of such unpre-

cedented height; and when the enormous amount of wind-jDressure it w-ill be

called on to withstand is considered, the suitability of the open framework

—which opposes the least possible amount of surface—will be at once ap-

parent. It stands on four great "legs," or lattice columns, each placed at

the angle of a square whose sides are 375 feet long. At a point 4S0 feet

above the ground the legs meet at what is called "the middle landing,"

and from this elevation upward it tapers like any ordinary structure of its

kind. Near the summit is a balcony for observation. The tower is ter-

minated by a dome, which, in turn, is surmounted by a smaller dome,

around the base of wliich is placed a small balcony for the use of those who
may be venturesome enough to mount to the very top. The four columns

forming the base are joined by circular arches, and at this level, its frame-

work resting upon the crown of the arches and upon the columns, is erected

a balcony called " the first landing." As the architectural effect depends

largely upon leaving unobstructed the central space beneath the arches, the

stairways and elevators by which visitors will be able to ascend and descend

must be placed in the legs. The total weight of the tower will be

15,400,000 pounds, or 6875 tons.

Iron S/aii-iCays.—In regard to the general arrangement of stairways

and the proportions of the steps, reference will again be made to what has

already been said in the section on Stone Construction (p. 38); it will,

therefore, only remain to consider the special arrangements necessitated by
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the use of iron. It must first of all be observed that for iron stairways

wood or stone construction is more or less taken as the model—the former

more particularly when wrought iron is employed, the latter exclusively

when cast iron is used.

The characteristic feature in cast-iron stairs is that each step is cast in

one piece, and is connected with the neighboring steps by screw bolts which

are sometimes made as the continuation of the balusters; in this case the

screw bolts pass through a ring cast on the end of the step. It need hardly

be said that the steps are not solid masses, as is the case when stone is

used, but are thin walls; so that the lower or rear sides remain open. The
treads and risers have also large perforations. Instead of uniting the steps

at their ends by screw bolts in one piece with the balusters, two strips 2 to

2?:^ inches wide maybe cast along the length of each step, like the oblique

rabbets on geometrical stairs, each of which is made to lie upon a corre-

sponding strip of the next step, and is screwed fast to it in several places.

This method is mostly employed on the small scale, with steps, say, 3 feet

in length for back staircases in winding form. In this case the spindle is

cast on each step in the form of a hollow cylinder of equal height with the

step—an arrangement corresponding to that so often seen in winding stone

stairs. The spindle pieces are rebated to one another above and below,

and form a column which has a substantial foimdation below and firm con-

nection with the ceiling above.

A stair built in this fashion is shown in Figure 15 (//. 6). It will

readily be seen that the construction allows a very light and pleasing treat-

ment, and that contact with the wall is not necessary. The thickness of

the metal in a case like the one delineated may be f of an inch for the treads

and the spindle pieces; for the risers, 2)^1 inches. In straight iron stairs

the other form of construction is preferred—namely, the step is made in

two pieces, as in wooden stairs, and these pieces are rebated together.

They are then screwed, by the aid of three-sided and usually perforated

accessory pieces, upon iron cheeks having the form of the I-beam.

V. EXTERIOR WORK OF BUILDING.

I. Roof Coverings.

Roofing Materials.—When treating of the angle of inclination of roofs

(p. 48), it was mentioned that this depended chiefly upon the roofing

material. The angle varies very much according to the material and the

shapes of the individual parts, or is applied differently even when material

and .shape are the same. The following divisions of material may be made:

(i) Tile; (2) Slate; (3) INIetal; (4) Glass; (5) Wood, in the form of boards or

shingles; (6) Vegetable matter of rough character, such as straw, rushes,

etc.
; (7) Vegetable matter refined and specially prepared, such as heavy

carton paper or linen; (8) Composition—paste, asphaltum, clay, etc. Con-

sideration will be restricted to the first four of the above divisions of
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roofing material; for the description of the other species, not so generally

interesting, the reader is referred to special text-books.

Tile Roofing.—Tiles are slabs of baked clay perforated and shaped in

various wa\-s. They are not so much used for roof covering as fonuerl)-,

as a result of the popular recognition of the superior qualities and the

moderate cost of slate. Formerly the business of tile roofing maintained

a separate class of mechanics, but the work is now performed by the brick-

layer. Tiles for roofing are sometimes colored and glazed, and those of the

same style are applied in different wa_\-s. The most common are the plain

flat tile, the concave gutter tile and roof plate, the ridge tile, and the pan-

tile. To those forms which appear separately belong the different kinds of

rebate tile—a tile with turned-up edges.

Tlie Plain Flat Tile is a plate 14 inches in length by 5^/^ inches in

breadth and is f of an inch thick. It is provided with shallow grooves and

fillets on the upper side, running lengthwise, to facilitate the discharge of

the water, and with a lug in the middle of a narrow rim on the reverse

side, so that it can be hung up on the roof laths. The other narrow and

lower end is generally rounded off into a slight curve. By suspending these

tiles to the laths in rows, courses are formed which overlie one another

more or less, depending upon the width of the lathing. The greatest over-

lap or smallest gauge makes the securest work, though it does not present

so good an appearance externally as the longer gauge, and it requires,

moreover, a greater number of the tiles and laths, thereby adding materi-

ally to the weight and cost of the roof.

Single and Double Tiling.—In the single-tile roofing—seen on Plate

7 {fig. la)—this width is about 10 inches. To support the mortar at the

joint between each two tiles, small shingles are used. The shingles are

about 12 inches long, 2 inches broad, and lyi inches thick. The second

form, or double roofing {Jig. ili), is decidedly better, the distance between

the laths being only 6 inches; so that the first course projects beyond the

point on the second below which the third begins. Shingles are not required

in this case. Lime, mortar, or occasionally Inxlraulic mortar, is the con-

necting medium in the joints and between each two courses where they

overlap. In a third form of roofing two courses of tiles are hung, one

directly over the other upon each lath, the distance between the laths being

io?4^ inches.

Glitter Tiles were used for roofing by the ancient Greeks and Romans,
either alone {fig. 2a) or in combination with the flat tile with raised edges

{fig. 2b). They are conical in shape, the diameter being 9'^ inches at the

head and 8>^ at the tail, and the length 14.^-4' inches; while the flat tiles of

the same length are 10 inches wide at the head and 12 inches wide at the

tail, the edges being raised |- of an inch. The manner in which the roof-

ing is laid—mortar being employed, as in the use of the plain flat tile—can
be clearly seen in the illustration. Gutter tiles are seldom employed ex-

tensively in roofing, on account of their great weight, but the ridge and hip
lines of tile roofs are always covered in with them. By usage in England,

I
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large concave tiles are invariably chosen to cover the hips and ridges, both
in plain tiling and in pantiling; they are not generally made to overlap, but
are set in mortar and fastened to the timbers of the roof by a special kind of

hooks and nails. An ornamental cresting or ridging is also frequently

added in a variety of patterns. Tiles of the third order (/>/. 7, fig. 3^) have
a raised edge on one side and a semicylindrical addition on the other, by
\thich each tile grasps the edge of the one next to it. They are about 13 ^4
inches long by %Y^ inches broad, slightly overlapping in each row, the sus-

pension being effected by means of the lug.

Pantiles {fig. 31^) were first used in Flanders, and resemble the foregoing

in shape and size, differing only in the cross-section, which is of an undu-
lator}' or twisted shape. A small tongue, or lip, is bent from the under
side, by which it is hung upon the lath. The tiles are set so as to overlap

in a lateral direction, but longitudinally the lap is slight; so that they
furnish a much lighter covering than plain tiles. With a more pleasing

effect to the eye, there is much less weight, and decidedly much less pro-

tection against cold, with greater liability to damage from wind-storms.

They are set either dry or in mortar, but pointing upon the inside with
lime and hair has been found very advantageous in damp climates. A
variety of pantile known as the Bridgewater tile is useful for common pur-

poses. Roofing in the last-mentioned st}'les is performed upon the princi-

ple required for the gutter tile. As the tiles not only touch in each course,

but also hook over one another, the joints are rendered tighter.

Rebated Tiles.—The same principle is followed when the rebated tile

is used, two examples of which are exhibited in Figures 4 and 5. The
tile shown in Figure 4, which was in\'ented by Courtois of Paris, is square

in form, 10^4 inches on each side, having two edges projecting upward

{fig- ^h) and two downward {fig. ^c), these edges being }'^ of an inch in

breadth and height. There is a lug, also, for suspension {fig. J,c). These
tiles require a distance between the laths of about 6 inches, as they present

square surfaces of only <^]^ inches when set in the roof {fig. ^d). The
thickness of the tile is f of an inch. The rebate tiles shown in Figure 5 are

also of French origin, and were exhibited, with numerous others, at the

Exposition at Paris in 1867. They have rebates on all four sides; so that

if the roofing is carefully done it is almost impossible for snow or rain to

penetrate even when no mortar is employed.

Among the other styles of this kind of roof-covering, the terro-metallic

tile has a projection at the back to fasten upon the laths as a substitute for

pegs. Italian tiles have occasionally been Tised in England for many
3ears; they are slightly curved, fitting easily into one another, have a

horizontal inclination across the upper part, to prevent the entrance of

rain, and are provided with vertical rolls, either wide or narrow. The
chief objection to tiling in damp climates is the rapid absorption of moist-

ure, which, communicated to the laths and rafters beneath the tiles, soon

causes the plaster to deteriorate.

In the United States plain tiles are usually 5 s of an inch in thickness,
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loy'i. inches long, and 6J4 inches wide, weighing from two to two and one-

half pounds each. They are generally hung upon the lath by two oaken

pins inserted into perforations made in the tile; they have grooves and fil-

lets on the edges, so that there is little necessity for overlapping, as the

grooves conduct off the water. Pantiles are used 14^ inches by 10^
inches in size. Semicylindrical tiles are named "crown," "ridge,"

"hip," and "valley" tiles, the name indicating their purpose. Siding

tiles are sometimes used instead of weatherboarding, and are made orna-

mental, being often decorated upon the surface with crenated edges.

Slate Roofing.—Slate in thin sheets has recently become very popular

as a roofing material. The varieties found in England are excellent in

quality and varied in appearance. That of a blue-gray tint is esteemed as

the best, and answers to a sharp stroke with a ring like that from well-

baked pottery. Blue-green and green slates are good, and are admired for

their coloring, those of a light gray tint being generally stony, while those

of the darker shades, though cutting freely, decay rapidly by absorption

of moisture. The poorer and more absorbent qualities are smooth and

greasy to the touch, the best being hard and rough. Two methods—dis-

tinguished as the German and the English—are practised in roofing with

this material.

Diagonal Slating.—In the German method {pi. y^fig. 6)—known as

"simple diagonal roofing "—the slates are nailed in diagonal rows, sup-

ported on boarding in such a manner that each individual row, as well as

each slate of which it is composed, is made to overlap. The upper and the

lower courses—that is, the eave-course and the ridge-course—run horizon-

tally. The nails by which the slates are secured are driven only through

the parts that are hidden. The slates are cut straight—at least, on two sides

—though they are not of equal breadth throughout.

Double Slating.—The English method—known as "double roofing"

—corresponds to the double roofing with plain tiles. The slates, generally

24 by 15 inches, are made to meet one another flush, and the first course

overlaps the second past the point where the third begins. The courses

being here set horizontally, the wooden boarding maybe replaced by laths.

Figure 7 shows the form of roofing with wooden laths, and Figure 8 that

with iron laths. The pair of nails required for each slate in the case of

wooden laths are to be driven as deep as possible, but so that they shall be

covered by the next slate. Sometimes, as the Figure shows, an additional

nail is driven at the upper edge; so that only half the head overlaps.

Slate Fastenings.—The double roofing on iron laths shown in Figure
8rt is accomplished in an ingenious manner by means of a specially-formed

hook. An enlarged view of the latter is given in Figure &b. The hook
hangs upon the lath above, and grasps the slate below in the middle of the

lower edge; so that the hook lies in the joint between two slates of the row
next below. To prevent the suspended slate from being lifted by the wind,
a small cross plate is fastened to each hook, and is made to lie under the

two slates that meet at the hook. Each hook is 4^ inches long by f of an
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inch broad, and should be made of copper or galvanized iron. In nailing

slates, any straining or bending must be carefully avoided. By a method
used in France, slates are fixed in place by a wire clip which holds the bot-

tom of each slate; for the same purpose there has also been introduced a

lead clip which, it is claimed, diminishes the quantity of slate required.

Beddingfor Slates.—In covering a roof with projecting eaves, a broad

board is placed over the end of the rafters; but when the eaves tail into

the rafters, the gutter-board should be of sufficient width to receive the

eaves-course. In light slating it is considered best to cover the roof en-

tirely with rough boarding, but for heavy slates fillets, laths, or battens are

used, and applied to suit the length of the slates, at the convenience of

workmen. A feather-edged board—styled a "tilting fillet"—is laid

against gable- or party-walls, to turn the water. In case of a hipped roof,

every course is completed up to the angle by shapiug the slates to fit the

slope, and these are covered by an overlap of sheet lead screwed or nailed

to the hip rafter. It is usual to employ slate ridging with a roll, or with a

groove fitted to receive the ornamental crestings which are so popular.

Elastic cement is also preferred as a bedding for the top course on the ridge

and for a space around the hips, valleys, and gutters. Tarred-felt roofing

paper is also placed between the roof boards and the slates.

Sizes and Names of Slates.—In the English market the popular sizes

for slates have received the following singular names: " ladies," measur-

ing 15 by 8 inches; "countesses," 20 by 10 inches; "duchesses," 24 by 12

inches; and "queens," 36 by 24 inches—increasing in value as they ascend

in rank, with the singular inconsistency that a thick queen is known as a

"Welsh rag" and a smaller lady is called a "double." The thickness of

the slates varies from i^ to j^ of an inch. Recent authorities in the

United States give the pitch of a slated roof at about i in height to 4 in

length, the laps being about 3 inches,' or a little more. Slate has usually

been classed among the incombustible materials, and as such is especially

adapted to use in building; but it cannot be depended upon as a resistant

against fire, as it cracks on the application of heat.

Metallic Roofing.—The defence of roofs from fire and moisture by the

application of complete coverings of thin sheets of metal has long been

practised and is vers- general, the choice of the material depending mainly

upon cost and the peculiarities and variations of climate. As a rule, the

sheets should be laid in such a manner as to require the minimum amount

of soldering, and to permit the unavoidable expansion and contraction of

the metal to take place without injury to the roof An under course of

boards usually supports the metal, but by certain methods this support is

rendered unnecessary. To insure the security of the work strict attention

must be paid to the points where the sheets are joined, and a clear distinc-

tion must be preserved between the horizontal joints running in the long

direction of the roof and those running from the ridge to the gutter. In

the horizontal joinings, folds are usually so arranged that the ends of the

sheets are bent either upon or over one another, and are afterward ham-
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mered flat. By this means the water, as it runs down, is kept from pene-

trating beneath the sheets, while the necessary freedom of action in the

metal is insnred.

Instead of these foldings, the sheets are sometimes merely overlapped for

abont 4 inches. The joints running down toward the gutters are secured

in different ways; the most usual methods are seen in Figures 9 to 12 (//.

7). Figure 9 exhibits what is known as the "standing seam," in which

the junction of the ends of the sheets is accomplished in a manner similar

to that in the horizontal joint, except that it is not hammered flat. The
attachment to the roof boarding is secured by a tongue of iron nailed on

one side to the under course and soldered on the other to the sheets where

they meet. Figure 10, which shows the rolled joint to which the tongue

is also applied, requires no further explanation. In the lath joint, shown

in Figure 11, the ends of the sheet are bent up over a wooden fillet and

nailed fast on one side over the ends, a special metal cap being placed and

also nailed fast to the fillet, the heads of the nails being soldered. Figure

12 exhibits the covered fold, where the sheets, after being rolled together

and held by the tongues, are covered by a special cap of metal which grasps

the rolls.

Metallic Tiles.—Besides the foregoing, metallic shingles of various

decorative designs, imitating the appearance of the finely-finished terra-

cotta tiles, are in the United States much in vogue on steep roofs. In

res^Dect of fire- and storm-proof qualities, these have all the advantages pos-

sessed by terra-cotta tiles; they are in no wise inferior to the latter in

attractive apiDearance, and in respect of durability and lightness are dis-

tinctly superior. Figure 13 {pi. 2) shows one of the forms of metallic

roofing tiles in common use. These tiles have a thickened edge, which
adds greatly to their appearance. When laid, they slightly overlap at the

edges; so that the nail holes are covered. The usual dimensions of these

tiles are 5 x 5 or 6 x 6 inches.

Corriigaicd-iron Roofing.—In the modes of roofing already mentioned,

a support of boarding is absolutely necessary; Figure 13 (//. 7) exhibits the

method applied when corrugated sheets are used. Metal thus formed by
rolling has much greater stiffness than ordinary metal, and can lie free

over much larger spans. As the corrugations must run in the same direc-

tion as the roof gutter, it will be seen that the plan exhibited in the illus-

tration is suited only for purlin construction. The overlapping of the

sheets, about 4?:^ inches, and the tongues for securing them, are shown on
the Plate. Corrugated iron laid upon roofs in sheets should overlap about

2^ inches along the sides and 4 inches along the ends, and about 6 inches

is usually allowed for extension over the eaves. This substance offers an
excellent and permanent protection.

A serious objection to simple iron roofing—known as "black iron"

—

is the very rapid condensation of the atmospheric moisture, which falls

from the metal like drops of rain and is likely to injure the ceilings be-

neath; and this danger is not entirely removed by painting, although it
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can be prevented by plastering. This material is, however, very enduring
when kept thoroughly defended by paint composed of some mineral o.xide,

the sheets being overlapped and folded at the edges and placed upon sheet-

ing boards. Galvanized iron, which is much used, and which is very
useful for roofing, is manufactured by applying a thin coating of zinc to

both sides of the sheet of iron by immersing the latter in a bath of molten
zinc.

Tin-plate Roofing.—The tin plate, also used extensively for roofs, is

produced by covering iron sheets (in the same manner) with a coating of

tin or of an alloy of tin and lead. The sheets of tin—or, rather, of iron

faced with tin—are joined together in the shop, end to end, by being bent

over, hammered flat, and then soldered. When each sheet is of the

required length to reach from the eaves to the peak of the roof, it is, for

convenience, turned into a roll and carried to the roof, where it is spread

upon the sheeting boards and joined to the ne.xt length along the edges by

bending, and for further security is fastened by cleats about i8 inches apart.

Terne, or sheet iron covered with a mixture of tin and lead instead of with

tin, is frequently used for the same purpose, but is not so durable, although

less expensive. The best plates of both tin and terne are made from char-

coal-iron, which is tough and does not suffer from bending; iron made witli

coke is inferior in this respect. Tinned and leaded sheets of Bessemer and

other steel are also used.

Zinc and Copper Roofing.—Zinc, like tin, furnishes an excellent resist-

ant to the moisture and changes of the atmosphere. Zinc in sheets, laid

like slates, is much employed in various parts of Europe, and proves very

durable, as a thin fihn of white oxide collects upon it by exposure to the

weather and increases its resistant power. Copper as roofing material is

applied in sheets 5 feet in length by 2>^ feet in breadth, and is laid on boards,

to which it is held by copper cleats.

Glass Roojing. —Glas?, is used for roofing only when light is to be ad-

mitted through the entire surface or by a skylight. The glass sheets,

either of ordinary or of cast glass, are best laid upon bars of I-shape cross-

section, and are, as usual, glazed with putty. In skylights arrangement

should be made to carry off by small inside gutters any leakage or con-

densed moisture gathering on the inside. In large roofs it is not desirable

to trust to putty, and there are now introduced many different systems of

glazing which', while aiming at freedom from leakage, permit the glass to

expand and contract at the edges. For skylights from % to ^i inch in

thickness a thick ground-glass is made which has the effect of preventing

the full glare of the sun, and of diffusing the light over a much greater

space below. Where skylights are glazed with clear or double-thick glass,

it is used in lengths of from 16 to 30 inches by a width of from 9 to 15

inches. A lap of at least lyi inches is recommended for the securing of

all joints. Fluted glass (sheet-glass rolled so as to form flutes or corruga-

tions on both sides) is best suited for tliis purpose, as it secures privacy

without obscuring light, while it is stronger than ground-glass. The
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Crystal Palace in Loudon affords an example on a large scale of complete,

and at the same time original, roofing in fluted glass, a specimen being

shown in Figure 14 {pi. 7).

Sheet Iron for Exterior Finish and Decoration.—The employment of

galvanized sheet iron for the exterior finish and ornamentation of buildings

has become very general in the United States, and by its use the most

elaborate decorative effects are obtained. It is chiefly employed for cor-

nices and roof crestings, for which it is well adapted as a fireproof cover-

ing. It is also applied to the fronts of buildings, to columns, etc., in imi-

tation of wood, stone, or iron. Figures 8 and 12 (//. 2) show respectively the

mode of attaching a sheet-iron cornice by braces extending through the

masonry, and the appearance of a finished cornice. Figure 10 shows a roof

cresting, and Figure 7 shows a capital of a column.

2. Roof Gutters and Waste-pipes.

Roof Glitters and conductors, or waste-pipes, were formerly constructed

of lead, copper, or tin, but recently tinned or galvanized iron or zinc has

been almost exclusively employed. Gutters may be arranged in various

ways, but care should always be observed that they have a fall of about

one to the hundred, to facilitate tlie draining of the water.

Hanging Gutter.—The simplest but least elegant style is the hanging

semicylindrical gutter, shown in Figure 15 {pi. 7), which is suspended by

means of iron straps directly beneath the eaves in front of the upper parts

of the cornice. The appearance of the cornice is thereby injured, especially

as the gutter must necessarily be set in a slanting direction. Figure xda

exhibits the highest, and Figure idb the lowest, point of the gutter, while

Figure 15 shows the fastenings or supports, which are about 2 feet apart.

The metal in this form of gutter is rolled up on the outer edge and con-

nected with the iron by small metal straps soldered on. A much better

form of gutter is so placed over the lower courses of the roofing, and like-

wise secured by straps, that the next courses overlap it; in this style the

gutter lies with its rear surface against the roof-planking, but in other

respects the arrangement is similar to that of the hanging gutter.

The Box-gutter {fg. 17) is the form to be preferred. It is concealed

from view by an upright fillet in front, which forms a kind of coping over

the cornice and prevents it from being seen from the outside. This gutter

is usually made roughly in wood and then lined with zinc' It is clearly

shown in the illustration, which also exhibits the opening into the con-

ductor or waste-pipe, an accessory piece being added, and also a strainer,

to prevent any obstructive matter from entering the waste-pipe. The par-

allel or box-gutter is necessary next to parapets, where a curb roof is

formed, and is useful in valleys of small roofs where there is sufl^cient

depth. When the walls are thick, it is usual to place this form of gutter

below the timbers of the roof, whereby they are kept dr\- and damage from

overflow is avoided. This can also be done by using a jirojecting cornice,

the gutter being formed on it in place of a real blocking course. When

I
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the edges of the metal sheeting are turned up against the side of the chim-
ney sliaft or the back of a blocking course, instead of being turned into the
joints of brickwork or into a raglet in stonework, the edges should be left

and a flushing added. This flushing is a narrow strip of tin, zinc, or cop-
per secured along one side in the joints or raglet, the other end being bent
over the upturned edge of the gutter metal, which it should overlap about

4 inches. By this means one edge of each piece of metal is left free for

e-xpansion and contraction. The apron, or overhanging piece, is secured
by being burned in or run iyto the groove in the top of the blocking course,

the metal being finally caulked or punched into the groove.

Roof gutters are now frequently made of cast-iron pipes, generally of
either half-round or ogee section, and in lengths of 6 feet, the half-round
pipes being from 3 inches to 6 inches in bore, and the ogee from 3>i to 6
inches. Lead, formerly used extensively for roof gutters, has been super-

seded by other metals, as it is liable to perforation by vermin, nails, or

corrosion.

Rain-pipes or conductors {fig. 17) descend vertically, and are composed
usually of cylindrical sections of tinned or galvanized iron of suitable

diameter for their intended service, joined together, and secured at dis-

tances of about 6 feet apart by collars or soldered to flat straps fastened to

the wall. They are fitted with large case heads above, to receive the water

from the roof gutter, and with shoes below, to eject it in the required

direction. Rain-pipes of corrugated sheet metal have lately come into

very general use in the United States. They have the advantage of being

free from liability to bursting from the freezing of water within them, the

corrugated form permitting of an increase of sectional area (//. 2,

fig. 11).

3. Plaster-work on Exterior of Walls.

In plastering on stone and brick, only one coat of brown mortar is used.

In this hair is not considered essential, but a little more sand than usual

is added to the mortar. The wall should be well dampened before the ap-

plication is made, and the mortar itself is made more plastic, works more

easily, and attaches more quickly to the wall when thinned with water.

When too little sand is used, the plaster is apt to crack in setting and drying,

and crumbles easily; almost the same effect results from too much sand; so

that a knowledge of the suflScient quantity can be obtained only by experi-

ence. Upon external walls the second coat should consist wholly or par-

tially of cement, equal parts of lime and cement making an excellent com-

position. If the wall be exposed to the effects of water and frost, the in-

troduction of sifted sawdust mixed with the water will prevent the scaling

off" of the plaster. When the work is done in dry and windy weather, the

wall should be frequently sprinkled with water, to prevent too great rapid-

ity in drying, and in damp places cement should be used instead of fat

lime. The work in cement must be executed rapidly, and only so much

mortar mixed as can be used before it begins to set.
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Rough-cast.—This cheap and excellent covering for outer walls, when

they are protected by projecting eaves, is applied in the following manner:

The surface is indented or roughed and then well brushed, to cleanse it

from loose fragments. It is then covered with the rough-cast, which is

mortar thinned by water to which pure lime is added to make it of the con-

sistence of cream. By another process the roughened wall is sprinkled

with water and coated with lime and hair; when this is set, a second coat

is laid smoothly, and upon this is dashed an almost fluid mixture of fine

gravel and strong lime well mixed. This last is immediately washed with

an ochreous color, and dries into a compact mass. When plaster is directly

applied to brick, concrete, stone, or other surfaces than lathing, the work

of putting on the first coat of coarse 'material is termed "rendering" in-

stead of laying or plastering; and therefore, although the material applied

and method of application are the same as on lathing, one-coat work is

termed "render;" two-coat work, "render-set."

Stucco.—The common quality of stucco is composed of one part of lime

to three or four parts of clean-washed sand. Wlien employed with coarse

sand for finishings in imitation of stone, it is called "rough stucco," the

surface, to give it an appearance of the grain of sandstone, being raised by

rubbing with a hand float or small flat board with a handle at the back.

In the composition of stucco, there are four bushels of fat lime to one

bushel of hydraulic cement, with sand as six parts to one. A setting or

finishing coat in common plastering is called "fine-stuflf," and consists of

a pure lime slaked with a small quantity of water, being afterward thinned

to the consistence of cream. It is left to settle; the surface water is drained

off", and then the mass is allowed to evaporate until thick enough for use,

when it is usually styled "putty."

Ccuicnts.—Many kinds of cements are used to obtain a hard, non-porous

surface capable of resisting weather. Portland cement is almost imiversally

employed for external walls, having superseded Roman cement, which,

although valuable as quick-setting, is not considered reliable. A superior

quality of the Roman—known as the Medina—cement is of a lighter brown
color, sets rapidly, and has borne exi^osure to water. Mastic, well suited

to outside work which is to be painted immediately, is expensive, and
metallic cements, having a metallic lustre intended to dispense with color-

ing or painting, have been used to some extent.

Sgraffito is a revival of an old Italian method of decoration. Tlie pro-

cess may be briefly described as follows: A coat of colored plaster of the

tint of the proposed design is applied to the wall, and upon this is placed

another coat of the tint intended for the grounding color. A mould in

zinc of the outline of the intended design is then fixed on the surface; its

outer edge is traced, and the upper coat of color is then cut away with a

sharp tool down to the face of the lower coat. Even three coats are some-
times applied, and a considerable variety of coloring is thus produced. A
good specimen of this work is displayed on the outer walls of the National

Training School of Music, South Kensington, London.
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4. Lightning Conductors.

Lightning conductors—first proposed about the middle of the last cen-
tury by the philosopher Benjamin Franklin as a protection of life and of
buildings against the destructive effects of lightning—perform, when prop-
erly erected, a double office. In the first place, by silently drawing off the
accumulated electricity of the clouds, and thus permitting it quietly to

pass into the earth, explosive discharges of the electric force are prevented.
In the second place, when the accumulated electricity in the atmosphere has
acquired a tension sufficient to overcome the resistance of the stratum of air

inter\-ening between the earth and the charged cloud, the conductors afford

a better path than any adjacent bodies by which the explosive discharge

may find its way to the earth. To express this second function of the

properly-arranged lightning conductor more accurately, it maybe said that

it presents a path of least resistance along which the electricity, in finding

its way to the earth, will naturally pass in preference to any other.

Materials.—From the foregoing statements, it is obvious that the light-

ning rod must be composed of a material of a high electric conductivitv,

and that it should be of sufficient size to enable it to carry oflf harmlessly

into the earth the largest discharge that may be attracted by it. Of all

known materials, the metals are by far the best conductors of electricity,

and are, therefore, universally employed in the construction of lightning

rods. The metals, however, differ greatly in respect of conductivity; but,

for the purpose of this sketch, only copper and iron need receive considera-

tion. Of these, copper, when quite pure, has about six times the conduct-

ive power of iron, but, taking the metals as they are found in common use,

the former may be said to have about four times the conductivity of the

latter. It must be borne in mind, therefore, that an iron rod, to be as

effective as one of copper that has been found to be sufficient, must have at

least four times the sectional area of the latter.

Diiucnsions and Shape.—Regarding the proper dimensions of lightning

conductors there are some differences of opinion. The French Academy,

with reference to iron rods, recommended that such should be made of a

square bar from y'2 inch to i inch in cross-section; if of copper, the\' could

be made much thinner. The .shape to be given the rod is a subject of

small importance, provided the amount of metal in it is sufficient. Many
rods are manufactured in the form of thin-walled tubes or twisted ribbons

of light weight, under the impression that by giving the metal a greater

surface its conductivity is thereby increased correspondingly. This is an

erroneous view, as it has been fully demonstrated that electricity, whether

of the quality known as lightning or as current electricity, travels through

the mass of a conductor, and not over its surface; and the principal reason

why the venders of lightning rods recommend such light-weight ribbons

or tubes is because they can be sold cheaply. In all cases, a solid bar of

square or rectangular section (if of iron) or a twisted cable of wires (if of

copper) should be selected in preference to the various ribbon patterns.
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Erection of Rods.—With regard to the placing of rods upon a building,

it is essential to observe that they should be so arranged as to afford the

most efficient protection; this is of more importance than the practice of

carrying them up to a considerable elevation above the roof. Escaping

vapor, smoke, or moisture from chimneys and other portions of a building

may form ascending currents, which, under suitable conditions, will afford

a better path for the lightning than an elevated rod upon another portion

of the building; and from this cause there may arise many apparently inex-

plicable accidents from lightning in the case of buildings having conduct-

ors. It is generally assumed that a lightning rod properly connected with

the earth will protect an area about equal to that of a circle of which the

rod is the radius. This will generally be a safe estimate, but it is well to

bear in mind that to prevent any injury to the building and its occupants

the rod must present a better earth connection than any neighboring body.

Should there e.xist within the building large metallic masses, water- or

sewer-pipes, isolated from the rod, but in better earth connection, the light-

ning may descend the rod to the point nearest the last-named bodies and

leave the rod at this point to seek the earth by the better avenue, destroy-

ing, in so doing, whatever may be in its path. On this account it is to be

recommended that the rod should always be connected by good metallic

connections with all large bodies of metal within the building, such as

water- or sewer-pipes.

The arrangement usually adopted consists in erecting upon each of sev-

eral chimneys a terminal spike or point, and connecting these points with

a single main lightning conductor or leading them directly and independ-

ently, by separate rods, to the earth. The first plan is the preferable one.

In the case of a building of considerable extent, two or more rods may be

advisable, but ordinarily one main conductor, properly grounded, will be

found to afford ample protection, provided connection has been made by

metallic rods extending over every portion of the roof A metallic roof,

when connected properly with the earth through the medium of rain lead-

ers, will afford innnunity from damage by lightning as completely as the

most elaborate system of rodding. When the roof is surmounted by orna-

mental crestings of metal, it is ob\-ious that these, when suitably connect-

ed with the ground by a metal conductor of ample area, will serve every

purpose.

Rod Termination.—The rod is usually terminated either by a point {pi.

T^figs. i8, 23, 25) or by a sphere, which it is customary to gild or platin-

ize, though the last-named refinement is quite unnecessary. The commis-

sion of the French Academy which lately examined and reported on the

subject recommended as a very satisfactory form of termination "a cylin-

der of copper -f^ of an inch in diameter and 8 or 10 inches long, the sum-
mit being tapered off into the form of a cone 154^ or i}^ inches high." For

practical purposes, it makes, really, little or no difference whether the rod

be terminated by a point or by a blunt or spherical extremity, although

the former style is most generally adopted, as affording better conditions
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for the silent discharge of an electrified cloud. The continuity of the con-
ductor should not be broken at any point, and the safest plan', in the case
of rods of solid metal, is to join the successive sections to one another by
screw sleeves of the same metal, so applied that the ends of the united sec-
tions shall abut directly against one another.

Insulators and Fasic?n>igs.—T\\& use of insulators of glass or porcelain
in making the attachment of the rod to the building, which is often jirac-

tised, is an unnecessary precaution; for it is absurd to assume that a light-
ning flash which possesses suiificient intensity to break through hundreds
of feet of air will be prevented by the interposition of a few bits of glass an
inch or two in thickness from leaving the rod and seeking a better path,
should one exist. The fastening of the rod to the building, therefore,
should preferably be made as direct and simple as possible. Professor
Phin, a reliable authority on this subject, recommends that " if the rod be
flat it may be pierced with small holes and tacked directly to the building;
but a better way for either round, square, or flat rods is to employ properly-
shaped staples of stout wire. These staples may be driven into the stud-
ding of wooden houses or into the joints of brick walls, and when properly
painted will not present an unsightly aiDpearance. " Where something
better than staples is desired, he proposes a strap of metal of the same kind
as that of which the rod is made, and "pierced with two holes, whereby it

may be attached to any structure by means of a couple of screws The
advantages of this device are that it does not weaken the rod, is not un-
sightly, permits the rod to slide on the building as it expands and contracts

by heat and cold, and permits it easily to be applied or removed without
injury to the building." Several illustrations exhibiting the details of

construction will be seen on Plate 7 {^gs. 18-25), ^^^ of which are so sufii-

ciently explanatory as to make a special description unnecessary.

Earth Connection.—The manner in which a lightning conductor will

perform its intended service will depend absolutely upon the perfection of

its connection with the earth. The good features above enumerated may
all be present; yet if the ground termination be imperfectly made, the rod

will be worse than useless. Defective ground connection, as attentive ob-

servers have frequently demonstrated, is the cause of the great majority of

accidents that happen to buildings presumably protected by lightning rods

and supposed to be safe. There are two conditions relating to the ground

connection of a lightning conductor which must be regarded as essential.

The end of the conductor must be made to terminate in ground that is per-

manently wet, and it should be made to expose to this wet soil as large a

surface as practicable. In the erection of a conductor, the importance of

these conditions should not be underestimated, for upon them will depend

the ability of the rod to conduct away the electrical discharge and dissipate

it harmlessly in the earth.

The practice of placing the lower end of the rod in water is much less

effective than to bury in the earth a considerable length of the rod, leading

it away from the building, and surrounding it with coke. Phin, in his
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excellent treatise on lightning rods, approves this plan. His advice is as

follows: "If a trench lo feet long be sunk to the depth of permanent

moisture and filled to a depth of 12 inches with coke, it will be ready to

receive the end of the rod, and will furnish a path for all the electricity that

will ever tend to escape from the clouds to the earth."

5. Painting and Glazing.

Painting.—The labor of the painter consists chiefly in applying an im-

pervious covering or coating, of which drying oil is the base, to buildings as

preventive of decay and for purposes of ornament. In outside work the

chief aim should be protection from the alternations of cold and heat, wet

and drouth, and, incidentally, from sulphurous gases present in the atmo-

sphere, especially in manufacturing cities. When durability in timber is

of primary consideration, some authorities suppose that the rough surface

left by the saw offers the best resistant against weather; and when the wood
has not been properly seasoned, the application of paint and varnish has

the effect of causing dry rot by confining the interior moisture within the

timber.

Materials.—The principal material used in house-painting is either

white lead or oxide of zinc, ground in unboiled linseed oil to the consistency

of paste. As a preparation for immediate use, it is further thinned b}' the

addition of more linseed oil. Driers are added, to hasten the process of

hardening, as each coat should dry thoroughly before the next is applied.

Litharge, japan varnish, sugar of lead, and sulphate of zinc are used as

driers. Turpentine as a thinner should be used sparingly in outside work,

as it is apt to impair the firmness of the paint, and to cause it to blister

under the heat of the sun. Various compounds have recently been intro-

duced to meet objections to the ordinary lead and zinc paints, based on

their poisonous nature, chemical effect upon metals, sensitiveness to vari-

ous gases and vapors, and offensive smell. The evaporation of turpen-

tine proves very injurious to the health of many persons, and paints have

been invented in which lead and zinc may be mixed with methylated spirit

containing shellac, with a small quantity of linseed and castor oil. Tlie

spirit, evaporating, allows the shellac to set as a substitute for the film of

varnish deposited in common paint by the oil and turpentine.

For exterior use, anti-corrosive paints made of equal parts of white lead

and ground glass have been extensively manufactured. As waterproof

defences, silicates have been introduced successfully. What have been

styled "indestructible" paints have been composed of oxides of zinc and
lead, with petroleum spirit holding resinous matter in solution. Paints of

oxide of iron combine intimately with iron, forming a durable protection

against dampness. Tinned iron exposed to weather is well protected by
Spanish-brown paint, and lime with sulphate of zinc makes an excellent

wash for exposed walls of brick and stone. Fireproof paints and washes
are effectual when combined with silicates. Sulphate of lime, with coal-

tar, diluted with naphtha, is also durable against weather. Pitch and wood-
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tar are used extensively as preventives to dampness. Other applications
have for their object the protection of stonework against deterioration from
atmospheric causes. They are chemical washes, of various composition,
which by their presence prevent the destruction of the surface of the stone.

The Houses of Parliament have been subjected to treatment of this nature,

but with indifferent success.

Painter's Work.—The first coat, or priming, for outer woodwork is

composed of lead mixed with raw linseed oil, with a drier of litharge

ground in turpentine. This composition sinks promptly into the wood and
hardens upon the surface, preparing the way for any after-treatment and
economizing the paints applied later. Some authorities advise that tur-

pentine should not be used in this priming. After this coat is dry, all

holes are carefully stopped with putty, so as to present a smooth surface for

the more ornamental coats to follow. The putty used for this purpose is

composed of whiting kneaded with linseed oil, white lead being added to

increase the hardness. Painter's work is frequently estimated by the square

yard, it being supposed that a pound of paint covers four superficial yards

in the priming, or first coat, and six yards in each of the subsequent coats,

and that a pound of putty is used in every twenty yards. A day's work on

the outside of a building has been estimated at lOO yards of the priming
and 80 yards for each of the outer coats.

Glazing.—The business of the glazier is confined merely to fixing or

inserting pieces of glass into sashes of wood or iron or into leadwork. The
sash bars, either of wood or of iron, are rebated on the outside, and the

glass is stopped into them by a bed of putty. A coat of paint is always

placed iipon the sash bars or upon the rebates, to prepare the sash for the

reception of the putty, wdiich would not otherwise become firmly attached.

When this paint or priming is sufficiently dry, the pane is fitted in with

such nicety that a point can hardly pass between the sash and the pane,

the object being to permit the glass to be incased completely in the putty,

which must be very narrow in extent. When the size of the pane is thus

assured, a slight tracing or bed of the putty is carried around the sash bars

and the light fitted into it, being rubbed down carefully with the finger, so

as to force the putty into a complete framing for the glass, which is bedded

back against it and secured in the rebates by putty in front, sloping from

the inner to the outer edge. The putty on both sides should then be cov-

ered with a coat of paint, to prevent shrinkage. When large and heavy

panes are used, they are further secured by small brads of iron or copper,

hidden from view by the front putty. The edges of the large plates in

doors are for greater safety often bedded in wash-leather. In very large

lights, as further security against the constant contraction and expansion

of the material, the putty is made constantly pliable by a mixture of tallow

or oil, so that it may change with the movements in the glass.

Lead Glazing.—In lead glazing—now generally confined to churches—

the gla.ss is placed in the grooved edges of narrow leaden bars, which are

opened up to receive it and then closed firmly upon it. These leaden bars

Vol. v.—

6
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are then soldered together into squares, diamonds, and other forms, or are

bent to the shapes of the different pieces of glass used in the pattern. In

the latter case it is styled fretwork. The fanciful styles of modern archi-

tecture have introduced much ornamental glazing, with glass of many
styles of colorings.

J'ariciicso/ IJ'iiidoiv Glass.—Polished French window glass is prepared

in lights or panes from an inch square to a width of 8 feet and a length of

14 feet. The difficulty in manufacturing the larger panes causes the price

to rise in a rapid ratio. Plate glass is esteemed very highly, as it does not

yield to the diamond and cannot be noiselessly removed; it is sometimes

rolled, ribbed, or plated, and is also made in diamond patterns. Orna-

mental glass for windows is made ground or obscure, with a transparent

figure finished by polishing away the portions of the rough surface. Com-
mon window glass is jij of an inch, and the double-thick glass nearly fs of

an incli, in thickness. The latter is much stronger than the thinner

form.

VI. INTERIOR WORK OF BUILDINGS.

Flooring.—Reference has heretofore been made to this subject in con-

nection with the discussion of proper supports of floors, the weight they

should be able to bear, and the methods adopted in Paris for diminishing

fire-risks and preventing sound from readily passing from one story to an-

other (p. 46).

Strength of Floors.—A primary consideration is strength. An indica-

tion of the requirements deemed essential is furnished by the statement

that the New York building law provides that in all buildings every floor

shall have sufficient strength to bear safely upon every superficial foot of

its surface sevent\-five pounds, and, if the buildings are used as places

likely to be visited by large numbers of persons, one hundred and twenty

pounds. In reference to the supports of floors, the building laws of the

cities of New York and Boston require that in all buildings more than 30
feet in width, except car-stables, churches, theatres, schoolhouses, and other

public buildings, the space between any two of the bearing walls shall not

be over 25 feet unless girders are substituted for the partition-walls.

Variation in Strength of Floors.—There is a great variation in the

actual requirements for strength in the floors of the buildings of different

classes, the extreme range being, according to one of the estimates, from

forty pounds per square foot in dwellings to four hundred pounds per

square foot in factories. In cases where unusually heavy weights will

probably be applied, safety should be assured by a proper apportioning

of the strength of floor beams and the floor to all possible demands.

Neglect of this duty, the natural effects of decay, and the weakening influ-

ences of alterations in various buildings are the primar)- causes of a con-

siderable number of so-called "accidents" in which persons are injured or

killed. Text-books contain rules by which the strength of floor beams can

be calciilated and due allowance made for the factor of safety. The aver-
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age weight of the floors in dwellings is estimated at from seventeen to
twenty-two pounds per square foot of floor, including the weight of the
plastering on the under side. For ordinary spans the weight is frequently
about twenty pounds, and for long spans about twenty-two pounds, per
square foot. In public buildings the weight per square foot seldom exceeds
twenty-five pounds. Factory or warehouse floors required to sustain heavy
loads sometimes weigh from forty to fifty pounds per square foot. All floors

in first-class buildings should possess not only sufircient streno-th to resist

fracture, but also sufficient stiff"ness to resist bending under any load to an
extent that would cause the ceiling underneath to crack or to present a bad
appearance to the e>e. To insure appropriate safeguards, the thickness
and weight of the material used in American floors are frequently propor-
tioned to the superficial load the floor is intended to bear.

Classes of Flooring.—h\ English practice, three kinds of flooring are

extensively used
;
they are classed as " single flooring," " double flooring,

"

and "frame flooring." The first, or single flooring, is supported solely

by a row or tier of joists extending from one wall or partition to another,

and it receives the flooring boards on the upper surface or edges of the

joists and the ceiling on their lower surface. This form of flooring does

not provide for the prevention of the transmission of sound from one story

to another, and the joists used are sometimes too thin fully to serve all

desirable purposes. Double flooring consists of three distinct, series of

joists, called "binding," "bridging," and " ceiling" joists. In this sys-

tem the binders are the real supports of the floor; they run from wall to

wall and carry the bridging joists above them. Frame flooring is a con-

struction of girders with binding, bridging, and ceiling joists.

Improved Flooring.—Notable improvements in the construction of the

floors of factories, warehouses, stores, and large buildings in business

centres intended for the use of numerous tenants as oflices, etc., have been

extensively introduced during a comparatively recent period. They em-

brace better provisions against the dangers of fire and better methods for

preventing the transmission of sounds and vibrations than were formerly

common. In some forms of fireproof floors the principal materials used

are brick and hollow terra-cotta tiles, supported, usually, by iron beams

(//. 2,7?^. 3). In others considerable quantities of mortar are intermingled

with the foundations of wooden floors.

Partitions are defined as the interior walls of a house. Their number,

the materials of which they are composed, and the mode of their construc-

tion frequently bear an important relation to the extent to which safeguards

against fires are provided, and also to the degree of strength and thickness

requisite in the party walls by which buildings in cities are .separated. In

the construction of fireproof buildings, it is considered essential that they

should have no wood partitions unless they are protected by fireproof ma-

terial. It is said, however, that partitions built of two-inch tongued and

grooved planks placed together on end and plastered on both sides, either

on wire or on dovetailed iron laths, have offered effective resistance to fire.
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Brick and Timber Partitions.—Partitions of large structures are gen-

erally formed of brickwork, while in smaller buildings or in the upper parts

of dwellings wooden material is frequently used; but it is often filled in

between the uprights by brickwork. In England, partitions of timber are

called "quartering partitions," and they are generally framed. Thin par-

titions of wood are called "frame partitions." The method pursued in

Paris is to frame and brace with strong seasoned timber. After the

framed structure is complete, strong oak batten-laths from 2 to 3 inches

wide are nailed up to the quarterings horizontally, 4, 6, or 8 inches apart,

in accordance with the character of the work, throughout the height of the

partition; and the spaces between the quarterings and behind the laths are

loosely built up with rough stone rubble, which is kept from falling out by

the laths until a strong mortar—composed mainly of plaster of Paris—laid

on and pressed through from both sides at the same time, meets and incor-

porates so thoroughly that it fills up all the interstices and serves to

strengthen the wooden material used, instead of deriving from it support.

TIic Eiiglisli Brick-noggcd Partition., formed of a similar combination

of materials, depends for its strength chiefly upon the timber used, as the

plastering work performed is nicely spread upon the surface of brick and

wood; and these differences in effects represent important distinctions in

methods of constructing partitions consisting of wood, stone or brick, and

plaster or mortar.

Plaster-work.—Plastering on the interior of buildings, on lath, brick,

or stone, usually consists of three coats of mortar. The first—called the

"rough-" or "scratch-coat"—is generally formed of one part quicklime

to four parts sand, with ox- or horse-hair mixed in to make the mass cohere.

This coat, which is put on with the trowel, is about half an inch thick, and

is pressed firmly in, so that it may enter well between and behind the

laths. For rough walls, as in cellars, the scratch-coat may be sufficient.

To furnish a better adhering surface for the second coat, the surface of the

first coat, when it has dried slightly, is scratched or scarred with a pointed

stick in lines crossing one another diagonally from 2 to 4 inches apart.

The second coat is of the same hair-mortar—known as " coarse-stuff"

—

being from ^ to ^ of an inch in thickness, and is also in turn roughed

before the application of the next coat, this roughing being frequently

done with a hickory broom. The third and finer coat, intended as a finish,

is generally but yi of an inch in thickness, and is frequently of stucco,

which is made of one part lime to two parts fine sand. For a hard finish,

one part plaster of Paris to two parts lime is used, without sand.

Hand-floating.—To produce a fine finish upon inner walls, the surface

is hand-floated, or polished. This is done with a wooden trowel, called a

"hand-float," and a water brush to dampen the wall as required. For
very fine work the hand-float is made of cork. This careful smoothing
upon each of the outer coats improves the strength and firmness of the

wall, producing an excellent and permanent covering. Sea-sand cannot

be used in making })laster for this purpose, as it cannot be washed free
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from salt, which collects dampness in the wall; the hair from salted hides

should also be avoided, on account of its causing dampness in mortar.

Scrccding.—To make a perfect surface in fine walls and correct any
warping or irregularities, the plasterer depends upon a process called
" screeding." To accomplish this, when the first rough, or scratch, coat

of mortar is partially dry additional horizontal strips of the same mortar,

about 8 inches wide and from 2 to 4 feet apart, are laid over the entire

wall, so as to project from the first coat to the intended surface of the

second coat. These are while soft carefully regulated by a plumb-line, and
the second coat can then be readily brought to a perfectly flat surface cor-

responding to these strips or screeds.

Scagliola is a plaster imitating marbles. It is composed of plaster of

Paris and size, with coloring-matters stirred into the mass. This, with

different kinds of the finer cements, is much used for wall panels and pilas-

ters, and for imitation marble pillars. Large interior as well as exterior

surfaces are often quite successfully finished in imitation of granite. To
accomplish this, after drying the second coat of plaster a coat of lime tinted

with umber is applied, and allowed to dry. It is then finished with a

wash of lime, and a mineral black is sprinkled on with a brush, to imitate

the spots in the granite.

When interior surfaces are intended to be painted, a much-used prepa-

ration known as "trowelled stucco" is carefully made from fine lime and

clear sand. There is also a variety of cements which may, by constant

trowelling and wetting, be worked into a very hard surface capable of a

polish like marble, and it can be decorated by the painter.

Lathing.—When plaster ceilings are to be fixed upon the under side of

floors or plaster coverings affixed to wooden partitions, the preliminary

operation is lathing, or covering the surface to be worked upon with wooden

strips or laths. In the United States, laths are generally of split white

or yellow pine from 3 to 4 feet long, 15^ inches wide, and 3^ of an inch

thick. In England firwood from the Baltic is usually employed. Sawn

laths have a uniform thickness and require less labor in finishing the wall,

but are more liable to break. Laths of metal have also been introduced

to some extent. A distance of •<( of an inch between laths allows for

shrinkage; when placed closer the clinches are apt to be weak, and when

more distant the laths sag upon ceilings and drop off" on the sides by their

own weight. To obtain a perfectly true surface upon which to attach the

laths, the under sides of joists in ceilings or the battens or quartering in

walls are provided with a straight edge, and are corrected either by adzing

off" projections or by bringing up inequalities by nailing on strips of wood

to the requisite height—an operation variously called " furring" or "fir-

ring." The laths are laid side bv side, and the ends should abut and never

overlap, being secured by one nail at each end and one at each intermediate

point of support.

Woven-wire or Sheet-metal Lathing.—Oi late, various metallic substi-

tutes for wooden lathing have come into use, and have the advantages of
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affording better adherence of the plaster and of materially lessening the

liability of the spread of fire. Of these substitutes, woven wire is one of

the most efficient and best known. Perforated sheet iron, either plain or

o-alvanized, has also come into prominence for the purpose. One of the

best of these substitutes is shown in Figures 5, 6 (//. 2).

Mouldings and Cornices.—Decorations immediately under the ceilings

of rooms require special attention. For the cornice moulding, two plaster

screeds are run with the trowel—one on the ceiling and the other on the

side walls—at such a distance from the angles that the moulds can slide

over them. A thin wooden screed is also temporarily fastened upon the

wall as a guide upon which the mould can slide in a straight line. To
make the work secure, the laths of the wall are left bare to the width of

the cornice, so that the plaster may clinch safely between them. What is

styled "gauged stuff," or plasterer's putty and plaster of Paris mixed care-

fully for immediate use and in small quantity, is then prepared and thrown

rapidly into the angle with the trowel to an amount fitted to fill the mould,

which is promptly run over it, cutting away all superfluous material. The
mould is then scraped clean and again run over the moulding. The scrap-

ings can be hastily added to any defective member of the design, and the

mould again applied. When the form is found to be perfect, a gloss is

given by the brush, and the work proceeds to another segment of the cor-

nice. When mouldings are not continuous, but enriched, they can usually

be run as if continuous, with the enrichments added afterward, the latter

being castings of plaster of Paris secured into place with cement or screws.

Large cornices, panels, and mouldings are sometimes made upon canvas or

wirework strained over wooden frames, which can be readily placed in

position, the entire work being washed over with the gauged stuff. Mould-

ings and skirtings in exposed situations are made of Portland cement,

which can, when necessary, be faced with one of the white cements.

Cast centre-pieces, rosettes, brackets, and similar ornaments, are made
of thin plaster poured into a mould through an orifice. The moulds are

usually in sections, and are made of plaster hardened with glue or shellac.

Such ornaments are attached to their places by fresh plaster, and when
required are secured with screws, to support the weight. Large central

mouldings, either circular or elliptical, are also made by the same method

as the cornice, the mould being run from a central point by an arm or

trammel upon a screed of the required shape and dimensions. An inter-

esting departure in this field of decoration has been made by the adoption

of sheet metal of elaborately ornamental designs for ceilings, more partic-

ularly for centre-pieces. These pieces can readily be attached and removed,

and, having no disposition to crack, are superior in durability to the above-

named plaster-work of the same kind.

Decorative Work.—The ornamentation of interiors is continually be-

coming more complex and luxurious, and its extension into dwellings of

the cheaper grades has developed extraordinarily during recent years. The
introduction of artificial stone and cements susceptible of fine coloring can



OF Buildings.] BUILDING. 87

only be mentioned, with the endless variety in the application of tinted
slates and glass. Tiles in intaglio and enamel produce highly artistic

effects in form and color, with moulded and tinted brick, and the innumer-
able applications of terra-cotta. By the use of these adjuncts, the flooring
and walls for vestibules and halls, hearths, and fireplaces are made very
elegant at comparatively small cost. The vast improvements in paper-
hangings also assist in the decoration, as do the ingenious adornments
added to the necessary work of the plumber. Carpentry in the hard woods
merely oiled or varnished, has largely taken the place of the former imita-
tions in graining; which art has, however, also been greatly developed for

inferior purposes. As a matter of progress, the substitution of the real and
substantial for the imitative and unsubstantial marks an advance in public
taste; while at the same time the immense and varied application of

science, which beautifies and supplies cheaper substitutes, is also rapidly

tending to the extension of architectural beauty in every direction.

Paiiiliitg.—Although the primary object of painting is the- preservation

of surfaces, yet in work upon the interior of edifices decoration specially

applicable to domestic and other uses becomes a subject of importance.

According to the present rulings of fashion, the house-painter practises two
distinct systems of decoration. In one he merely covers all the wood sur-

faces with a transparent coat which allows the original graining and tint-

ing of the material to appear, this preservative covering being linseed oil

or varnish; by the other method he covers all the surfaces under his care

with an opaque substance which hides the original material entirely. In

most cases, this was formerly the ordinary white paint, composed of lin-

seed oil and turpentine containing white lead or oxide of zinc, to which

has recently been added an almost infinite variet}' of pigments for the pur-

pose of decorative coloring. It is considered that a successful treatment

with paint requires four or fi\'e distinct coats, each of which should become

perfectly dry before the application of the next. By the changes of public

taste, a dead or dull finish is sometimes popular, and at another time a

glossy one is required. The dull effect is produced by using turpentine

solely to dilute the last coat of paint; the glossy effect results from the

natural surface of the paint when mixed with oil or equal parts of oil and

turpentine.

Graining—the technical term for the imitation of the color and grain

of superior woods upon those of inferior quality—has been recently brought

to a great degree of perfection, and even during the present prevalence of

the taste for carpentry in hard woods a house is seldom completely finished

without the introduction of graining. A simple following of nature

—

which should be the aim of the painter—is all that is here needed; inferior

work is apt to be more pronounced in color and forms and too glaring in

general effect. Distemper, or water color, is very successful for graining

in interior decoration when the colors are thin, so that the varnish pene-

trates into the ground-color, making it as durable as oil color, with an

especially soft and realistic result.
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Distemper and Fresco.—White distemper is produced by mixing whit-

ing and size, and the colors are made mereh' by adding the required pig-

ment to the wliiting in the requisite proportions before mixing it with the

size. Superior work in the adornment of walls and ceilings is done by lay-

ing on the distemper cold, and as thick as jell)". Silicate distempers make
an excellent waterproof surface for hospitals, and for such walls as for

sanitary reasons should be frequently cleaned with water. The higher

form of artistic decoration known as "fresco" is produced by painting with

water color upon fresh-laid plaster; the coloring-matter, drying with the

plaster, becomes intimately united with it, and is quite permanent in dry

situations.

It is found prudent to guard against dampness in plastered walls by

covering them with a tint in distemper for the first two years. If the sur-

face is then in good condition, a coat of oil can be added for a permanent

decoration; or, as the wall has then become perfectly firm, the distemper can

be washed off", and the more durable oil-paint can be affixed after the sur-

face has been dried. In oil-coloring, when very clear tints are required,

the nearly colorless poppy-oil which is expressed from the seeds of the

poppy-flower is used instead of linseed oil. In more careless practice, the

first coats under colored paint have been laid in white and the tinting

added only in the last coating. By a better method, the prevailing tint is

introduced into the priming coat and all subsequent ones; fractures upon

the surface are thus prevented from being so unsightly by immediately ex-

hibiting the imitative character of the work, and the whole is made more

durable.

Marbling, or the imitation of real marble by painting upon stucco and

the finer cements, furnishes a beautiful decoration, and is a very useful ad-

junct where either the expense or the weight of the original substance is

to be avoided; and it has been carried to such a high degree of perfection

that its spurious character can be detected only by touch.

Haste seems the greatest obstacle to success in all these departments of

ornamentation, well-seasoned wood and perfectly dried and settled walls

being the prime necessit}' for durable effect.

Gilding.—In gilding, gold-leaf is the most successful application,

though many of the gold paints are useful in some situations. In using

the leaf, a coat of japan gold-size is first applied and allowed to become
nearly dry, when the metal is laid on and pressed into place with a tuft of

cottonwool. When applied to bare wood, the gold-leaf is finally coated

with pale copal varnish. When gilded in oil, the wood, after being

smoothed, is coated with a gold-size composed of yellow ochre and linseed

oil. and the leaf applied. All metallic sheetings are thus fixed, and sih'er-

leaf, when finished with transparent yellow varnish, has the appearance

of gold. Castings, mouldings, and carvings are treated in the same
manner.

Paper-hanging—which is simply the pasting of paper upon walls—is

an art intimately connected with personal and domestic comfort. The
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convenience of removal and renewal pnts it nnder easy control as a ready,

economic, and immediate alteration upon an interior, while the immense
variety of styles furnishes the means of making a thorough change in the

entire tone and aspect of the house. The removal of wall-paper may ob-

viate the danger of contagion, and its renewal substitute cleanliness as well

as an absolutely new scheme of color and form, producing almost unlimited

variations of effect. Taste is here absolutely dominant, as no rules can

be given suited to the size, purpose, or proportions of the several apart-

ments, which are further modified by exposure to light and air, with the

multitude of other accidents which give each room, especially in a dwell-

ing-house, a particular individuality. The progress in this art has kept

step with the rapid development of domestic architecture, and styles are

offered as adaptations of almost every school of art and every national

taste, with an unlimited opportunity for amateur or sentimental expres-

sion on the part of the individual customer. New walls are frequently

allowed to remain uncovered until well seasoned or until they become soiled

before the paper is affixed. To secure neatness as well as permanence to

the new covering, former paper should be thoroughly removed by scraping

and washing. As a preparation, the walls should receive a coating of a

size.made of a weak solution of glue and water. Upon this the paper is

placed, being first thoroughly covered on its under surface with a paste

made of wheaten flour moistened with cold water and then diluted to a con-

venient consistency by stirring in boiling water. A small quantity of alum

is added, and the paste is used when cold.

IVall-paper.—The qualities and grades of papering may be said to be

innumerable, varying as they do from an article which can .be placed

upon the wall at the cost of two and a half cents for a running yard of 18

inches' width to the favorite Lincrusta Walton, which may cost ten dol-

lars for the same amount. The lower orders of machine-printed papers

are placed on the market at twelve cents for a piece of eight yards' length

and width of 18 inches, the hangers charging, usually, twelve cents for

applying it; but there are cheaper papers placed on the wall for an entire

cost of twenty cents for the piece of eight yards. Papers printed by hand

bear exceptional prices, according to the freaks of fashion, and can be fur-

nished by the yard according to order. The old satin papers with brilliant

white ground and burnished gold figures, and the gorgeous velvet papers,

have been superseded by quiet effects, or by the sombre richness of the

varied bronzes. For the present, it may be said that the prevailing fashion

demands plain side walls with decorated ceilings, the ceilings being also

papered of one uniform tint, with fresco added upon the top of the paper

with fine effect. The new felt papers are almost as thick and soft as the

fabric from which they are named, and in plain tint give excellent relief

to the elegantly ornamented friezes.

Various styles of the higher grades of paper resemble mouldings tinted

with metallic lustres. Cork paper is highly embossed, and what is called

" lining paper" imitates a gilt or bronzed relief, and is very durable. These
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expensive grades, with the Lincrusta Walton, are used, in turn, as back-

grounds upon which the decorative artist places further ornaments in high

relief in bronzes and gold suited to the special architectural features of the

buildings to be adorned. Some of the most usual present styles, begin-

ning with the cheapest, are known as "white blank," "flats," " bronze,"

" embossed bronze, " "silk paper," and "silkfinish." The flock or velvet

paper once used so largely is now more sparingly introduced for its rich-

ness and depth of tint. Japanese leather papers, cartridge, and many others,

are in use with waterproof qualities, and with others already varnished.

Phnnbiiig is defined as the art of casting and working in lead and

using it in building, especially in arranging pipes for conducting water.

Iron has, however, almost entirely superseded the use of lead. Plumbing

has been of the highest utility. Primarily it lessened human labor by

bringing water within the reach of private dwellings, and latterly it has

not only introduced supplies of water by the easiest methods, but has also

undertaken to remove all the waste water, together with filth and sewage.

The complications arising from this double duty, as well as the further work

of systematizing the general water transport of all the organic waste of

large cities to places of safe deposit, make the subject assume gigantic

proportions. When the requirements of manufacturing industries and the

supply of the modern conveniences of steam and gas are also added, the

province of this art enlarges to a vast extent. Plumbing has recently

come prominently before the attention of the public from the growing con-

viction that the cause of many diseases can be distinctly traced to defects

in drainage, especially to the escape of sewer-gas, and a multitude of in-

ventions have been advocated in the aid of sanitary reform.

Sanitary Regulations.—The necessity for such general regulations as

may harmonize individual exertion for the benefit of the community at

large has received extensive recognition, and the character of these re-

quirements may be conveniently summed up as expressed in an ordinance

for the regulation of plumbing enacted by the city government of Boston,

Massachusetts, in March, 18S3. The provisions may be condensed to the

following main points: Every building shall be separately and independ-

ently connected with the public sewer, when such sewer is provided, and,

if such sewer be not provided, with a brick-and-cement cesspool of a capa-

city approved by the inspector. Drains and soil-pipes for the carriage of

water and sewage shall be of iron when within the building, and for not

less than 5 feet outside the foundation walls thereof They sliall be sound

and of uniform thickness of not less than ]i of an inch for a diameter of

4 inches or less, or ^j of an inch for a diameter of 5 or 6 inches, with a

proportional increase of thickness for a greater diameter. Tliey sliall be

securely ironed to walls, laid in trenches of uniform grade, or suspended

to floor timbers by strong iron hangers, as the inspector may direct. They
shall be supplied with a suitable trap, placed, with an accessible clean-out,

either outside or inside the foundation wall of the building. They shall

have a proper fall toward the drain or sewer. Soil-pipes shall be carried
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out through the roof, open and undiminished in size, to such height as

may be directed by the inspector; but no soil-pipe shall be carried to a
height less than 2 feet above the roof. Changes in direction shall be made
with curved pipes, and connections with horizontal pipes shall be made
with Y-branches. Rain-water leaders connected with soil- or drain-pipes

shall be suitably trapped. Sewer, soil-pipe, and waste-pipe ventilators

shall not be constructed of brick, sheet-metal, or earthenware, and chim-
ney-flues shall not be used as such ventilators.

Iron pipes, before placing, shall be tested by the water or kerosene test,

and then coated inside and outside with coal-tar pitch applied hot with

paint or some equivalent substance. Joints shall be run with molten lead,

thoroughly calked, and made tight. Connections of lead pipes with iron

pipes shall be with brass ferrules properly soldered and calked to the iron.

Every sink, basin, bath-tub, water-closet, slop-hopper, and each set of

trays, and every fixture having a waste-pipe, shall be furnished with a

trap, placed as near as practicable to the fixture that it serves. Traps shall

be protected from siphonage or air-pressure by special air-pipes of a size

not less than the waste-pipe; but air-pipes for water-closet traps shall be

of not less than 2-inch bore for 30 feet or less, and of not less than 3-inch

bore for more than 30 feet. Drip- or overflow-pipes from safes, under

water-closets and other fixtures, or from tanks or cisterns, shall run to some

place in open light, and in no case be connected directly with the drain,

waste-pipe, or soil-pipe. Waste-pipes from refrigerators and other recep-

tacles for provisions shall not be connected with drains, etc., unless pro-

vided with traps suitably ventilated. Other particulars are clearly speci-

fied, with such minute directions as fully show the consideration given to

the subject and its importance as a means of promoting the health of the

community.

In 1885 the State of Pennsylvania passed an act authorizing the Boards

of Health in cities of the first class to regulate house drainage, the registra-

tion of master-plumbers, and the construction of cesspools. By this enact-

ment, the drainage of all buildings erected before 1886 was to be inspected,

and when condemned altered to the new regulations, while the plans of all

new erections were to be presented for approval to the Board of Health with

specifications of the size and kind of pipe, traps, closets, and fixtures. The

sanitary regulations of the act were very complete, and by a later amend-

ment it is required in Philadelphia that all soil-, waste-, and anti-siphoning

pipes, and traps, inside new buildings and in new work or alterations upon

old buildings, shall be tested to an atmospheric pressure of three pounds to

the square inch. So important has such general regulation been consid-

ered that the Society of Arts in London made a formal proposal that the

Metropolitan Board of Works and the County Board of each county shall be

empowered by the legislature to make provision for the inspection and

sanitary classification of dwellings upon application being made by the

owners thereof, and to grant certificates of healthfulness.

Desirable Ends.—"The general result of the varied consideration of the
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subject may be stated thus: That all pipes should have such fall and be so

flushed as to render any accumulation of waste impossible; that leakage

both of liquid and of air must be prevented; that the piping should be in

full view and easily accessible for repairs and cleaning; that it should be

concentrated as ranch as possible in one portion of the building; that sim-

plicity of arrangement is conducive to safety; and that all piping should

run as directly as practicable.

Modern Sanitation.—One of the modern suggestions is substantially as

follows: That a broad recess built in the masonry of a party-wall in the

line of the bath- and toilet-rooms could connect the necessary plumbing

with the smoke-flue of the furn.ace, the heat from which would promote

circulation in a ventilation-pipe. The recess, enclosed in masonry, with

brick platforms on the line of the floors, made tight around the pipes with

cement, would protect the woodwork from overheating, while all parts of

the plumbing could be left readily accessible. The soil-pipe should be

supported upon the foundation wall or upon a pier, and the junction with

the drain-pipe be made with an easy bend, to prevent the accumulation of

obstructive matter and to lessen the back-pressure of air upon the traps. The
main drain should run in full view upon the foundation wall or in a trench

of concrete, with a fall of ^ an inch to the foot when practicable. It should

be trapped just inside the cellar wall when possible, or otherwise in a man-

hole outside. A water-conductor run into this trap would insure its flush-

ing. A fresh-air inlet just inside this main trap provides a complete cir-

culation through the soil- and drain-pipes. To assist the free flow, all

angles and bends in piping should be as smooth and gradual as possible.

Circular apertures assist the discharge, offering less obstructive surface in

proportion to the area; and small orifices, from friction, discharge less under

the same pressure than those larger and of the same shape. The discharge

of a cylindrical horizofttal tube can be increased by extending it to a length

four times the diameter of its orifice. Wrought-iron pipes suited for water

service range in diameter from ]A an inch to i6 inches.

The Pressure on Plinnbing varies through an extensive range. In cities

where dependence is placed upon the natural head at a distributing reser-

voir, the pressure is often very light, while in cases where pumping ma-
chinery is used and a head maintained in stand-pipes, or where the water

is delivered into the main pipes directly from pumps, the pressure may rise

to above one hundred pounds to the square inch.

Gas-fitting.—Arrangements for the introduction of gas into buildings

located in cities and large towns were formerly almost universal, and they

are still very general, but during recent years they have to some extent

been supplemented by, and intermingled with, devices pertaining to elec-

tric lighting.

Gas-pipe.—The ordinary methods of introducing gas are ranked among
the simplest of mechanical operations, but they should nevertheless be

conducted with due regard for such requirements as are essential to .safety

and efficiency. Failure to secure an appropriate relation between the size
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and strength of the pipes nsed and the amount of gas consumed in an en-

tire building and its various subdivisions may lead to disappointing or dan-
gerous results. It is also important that all soldering of joints should be
performed in a thorough manner, and that a judicious selection and adjust-

ment should be made of burners, chandeliers, and other fixtures.

Service-pipes.—The ordinary arrangement of the gas supply of the house
consists, first, of an inlet-pipe of iron, bringing the gas from the street

main to the meter, which is usually placed in a portion of the cellar as near

the street as possible. From the meter an iron pipe passes up to the level

of the first floor requiring a supply of gas. Here branch-pipes are led off

to the various rooms, while the principal pipe is continued upward to the

other stories as far as desired, and connections made with it which lead to

all desired points on each story. In English practice, cast-iron pipes are

used for diameters above 2 inches, and wrought-iron for those of smaller

bore. In Paris the gas-pipes must be visible for their whole length, except

when passing through a floor or a partition, when they must be let through

a larger pipe having both ends open. In the United States, strict regula-

tions were established in some of the American cities at the time gas was

first introduced, but to a considerable extent their enforcement has been

abandoned.

Gas Fix/iwes.—The burners to which gas-pipes lead are broadly classed

in two divisions, one consisting of brackets or side lights, and the other of

pendants which hang from a ceiling. In choosing a location for a bracket,

care should be taken that it may not reach any movable article of an in-

flammable nature, such as curtains, cupboard or closet doors, etc. In the

case of a pendant, the principal considerations relate to the strength of the

connections by which it is supported, and to an avoidance of interference

with the free movement of persons beneath it. The pipe to supply a

bracket should be carried as directly as possible between the point in a

wall from which it projects and the main supply, which maybe in the ceil-

ing above or in the floor beneath or in the wall of an adjoining room or

passage. Aside from the adjustment of the pipe which makes such con-

nections, special pains should be taken to insure reliable joints and to per-

fect the soldering and other necessary operations. In hanging a pendant,

the supply-pipe is brought between the joi-sts of the ceiling of the room to

the desired point and appropriate connections are made, care being taken

to secure proper provision for the strength of all the appliances used..

Modern Improveinc/its in Gas Fixtures.—A. great many designs of

burners, chandeliers, pendants, brackets, and glasses for enclosing gaslights

have been introduced from time to time. Aside from the changes in orna-

mental effects which they represent, there are modifications which, it is

claimed, possess economic significance. It is said that the old practice of

making of metal the point of burners in contact with the flame, instead of

some non-conducting substance, such as steatite, was radically defective,

and that it necessarily led to a great waste of gas. Improvements in the

construction of burners have also been found advantageous. It is found
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that the size of the burner should be proportionate to the quantity of gas

to be consumed, and that the gas should issue at a very low velocity.

Respecting the use of glass globes, experiment has shown that perfectly

plain and clean glass absorbs at least one-tenth of the light that passes

through it, ground-glass absorbs one-third, and ordinary opal glass abstracts

at least one-half, and generally more. Such globes should have an open-

ing at the bottom at least 4 inches wide, through which the air can pass

without disturbing the flame.

Electric Appliances.—The rapid advances made during recent years in

the application of electricity to practical purposes include a number of im-

provements which have a direct or indirect connection with building ope-

rations. They relate to the ringing of door-bells or call-bells located in

various portions of dwellings (/>/. 8, Jig. 17), annunciators in hotels, etc. ; to

lighting, heating, the signalling of fires, the detection of burglars; to fur-

nishing of power, methods of summoning police or messengers, telephonic

communication, and various other purposes.

Electric Lighting.—Systems of lighting interiors by electricity have

been extensively introduced, especially in the United States, and appropri-

ate arrangements have been devised for conducting wires to the desired

points in all parts of buildings. In connection with this subject, dangers

have been developed against which ample precautions are provided; but

neglect of these safeguards and careless workmanship have in some in-

stances led to deplorable accidents. The vital matter is the proper installa-

tion of electric-lighting circuits.

As deaths also have occurred from accidental contact with poorly-insu-

lated electrical wires, all who participate in the introduction into buildings

or the arrangement or repair of wires which are to be charged with electric

currents should obtain and act in accordance with information that will

insure safety.

Electric Burglar-alarms.—For the protection of buildings from robbery,

so-called burglar alarms, consisting of an alarm- or signal-bell set in opera-

tion by the making or breaking of an electric circuit by simple mechanism
in connection with the doors and windows, etc., are in very general use.

Another form of this class of appliances is a combined floor-mat and bur-

glar-alarm which is sufficiently ingenious to warrant a special description.

It comprises an electric alarm-bell, a mat-carrying circuit, and closing and

breaking devices, so that when the mat is subjected to pressure an alarm

is sounded. The mat consists of narrow strips of wood connected to a

fabric backing, and on the strip side of the mat is a series of springs which

support the mat, there being two separate wires and the springs being

securely connected to each wire. When the mat is stepped upon, the

springs are compressed, contacts are made, and a current is sent through

the connecting wires (which are embedded or grooved in the wood) to the

bell electro-magnet, so as to sound an alarm. The bell has a switch or

lever on the frame, by means of which, when moved, the vibrating ad-

justments are displaced, and the current ceases to flow through the arma-
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ture springer circuit breaker; it then passes directly through the magnet,
and upon the movement of tliis switch or side lever greatly lengthens the
stroke of the armature, which is essential when a single stroke only is

desired.

Prcrenlion of Water Ozrr_flozc.~On& of the modern inventions pro-
vides a method for the prevention of the o\-erflow of water in buildings by
automatic electric devices, by which the loss and damage caused by the
bursting of pipes in winter and by carelessness in leaving water-cocks open
may be avoided.

Miscellaneous Electrical Devices.—T\\e list of electrical devices and of
methods of accomplishing given ends by electrical agencies is too exten-
sive for elaborate discussion here. Enthusiasts assert that a very wide
range of the labors performed in dwellings can be facilitated by electrical

devices, and they look forward to discoveries in the near future which, by
cheapening the cost of existing methods, will lead to the extensive intro-

duction of numerous inventions hitherto used only experimentally or on a

limited scale.

Door and Ifindozc Fittings.—Under this title are included the appli-

ances—made chiefly of iron, but sometimes of other metals—that form

parts of the movable means b\- which rooms are opened or closed, and
particularly the metallic adjuncts of doors and windows that facilitate mo-
tion, add strength, and otherwise increase efficiency.

Hinges.—When a door or a window moves on an axis, hinges are used

to effect this rotary* movement. These vary greatly in size, shape, and

other particulars, to correspond with the diversified requirements of the

woodwork to which they are attached, but in every case they consist of-

two interlacing parts—namely, the supporting and the hanging portions,

the former being attached to the casing of the aperture, and the latter to

the door or window. Different styles are illustrated on Plate 7 {Jigs. 26-

29). Figure 9 [pi. 8) exhibits a self-fastening shutter hinge, by which

window shutters are securely fastened when open.

The Strap Hinge {pi. J,Jig. 26) is frequently used on ledged and framed

doors. It aids in strengthening them, and in mediteval times such hinges

often had an ornamentation of a twisted or interlacing description which

covered the greater part of the leaf to which it was attached. In the illus-

tration the supporting part, or dog—upon the pin of which the hinge,

screwed to the door-leaf, hangs—is provided with a plate, also attached by

screws to the woodwork with which it is connected. The loop of the

hinge, resting upon the pin, has a small pin of its own screwed in, so that

the one pin works upon the other. Each leaf of the door generally has

two or three hinges.

T/ie Cross-tailed Hinge [Jig. 27) is used chiefly on heavy external doors.

As the three sections in the Figure show, the horizontal part lies between

the fillets of a plate with eight screws and is itself screwed to the leaf

by a strong screw bolt. The arrangement of the supporting dog and of

the pin connected with it is similar to that of the strap hinge described.
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above. Additional particulars are shown by the vertical section of the

illustration.

Tlic Butt Hinge {pi. "j-ijig. 28) is extensively used on doors and windows.

It differs from those previously described chiefly in the fact that its fastening

parts are sunk into the leaf as well as into the jamb casing. Three screws

in each part furnish additional security. Only the knuckles receiving the

pin on both parts of the hinge remain visible on the outside, the flaps

being sunk into the wood. Small doors have two such hinges, and larger

ones have three. In American practice, the species of hinges designated

"butts"—often made of bronze or of brass—are extensively used as attach-

ments for facilitating the movements of doors or window shutters. Lead-

ing varieties are styled " loose-joint butts," "loose-pin butts" (//. ^.ftg.

11), and "fast-joint butts."

The Charmer Band or Pivot Hinge {pi. 7, fig. 29) has two flaps, each

fastened with three screws. These flaps are not mortised, but are let into

the face of the fold flush with it. The knuckles of the flaps do not lie over,

but are let into, one another and connected by a pin. The illustration

embraces two vertical sections in addition to the external view, and is in-

tended to show how a movement of one hundred and eighty degrees may
be made and how the two parts connected by the hinge may be brought

closely together. In elevated structures these hinges are used chiefly for

folding window shutters.

Rollers.—If a door or a gate is moved by sliding, and not by turning

on an axis, rollers are used, to diminish friction. Figure 31 illustrates

both running rollers and sliding rollers, the first of these terms being ap-

plied when the rollers are at the top, as in sliding doors in rooms, and the

second when they are at the bottom, as in doors of magazines. The lower

part of Figure 31 furnishes side and sectional views of the running roller,

which moves on a horizontal pin screwed between iron plates and is guided

by an edge rail. The sliding roller seen in the upper part of the Figure is

smaller and lighter than the running roller. It is also guided by a rail,

and lies between a prolongation of two angle-irons which are fastened to

the door.

The Sliding Bolt {fig. 30) is an appliance used specially on two-leaved

doors. It might probably be most appropriately classed among fastenings,

as it serves to secure that one of two leaves which is not generally opened,

being applied to both the upper and tlie lower end of the leaf. Various

details are shown by the illustration. When the doors are very high, tlie

top bolt is made long enough for the handle to be easil}' reached. When
the bolt is heavy, a flat spring is put between it and the plate by which it

is supported, so as to prevent its falling by its own weight when driven up.

On doors of rooms the bolts are generally countersunk. Figure 10 (//. S)

shows a secret-spring latch for ofl[ice doors, etc., and Figures 13 to 15 the

ordinary thumb latch.

Windoxc-fastcning Appliances.—Doors, particularly those opening on

balconies, often have the same fastenings as windows. Window fasten-
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ings can be moved on the inner side only, and such movements are made
without the use of a key. There are three leading varieties—namely, the
turn-buckle, the espagnolett, and the bascule.

Turn-buckles may be either half buckles or whole buckles. Figure 32 {pi.

7) illustrates a half buckle—used chiefly on one-sash windows—hi plan and
vertical section. One end of the turn-buckle is secured by a pin, so that
there may be revolving movements on a plate screwed to the framing,
while the other end lies on a plate screwed down on one side only, which
when the buckle is not on it stands off slightly, but is pressed down by
the buckle. Instead of this plate, a wire sunk in the wood is frequently
used. The whole turn-buckle (Jg. 1^7,) closes two sashes simultaneouslv,
and IS fastened so as conveniently to accomplish that object. Each pair
of sashes in the window has two of these turn-buckles and two knobs; and
when the mulliou is movable, the division carrying the latter will also re-
quire sliding bolts or two half turn-buckles. Figure 7 (pi. 8) is a form
of catch for fastening inside window blinds or shutters, and Figure 8 is a
fastening for sliding sashes.

The French Lever is a modification of the turn-buckle and forms a portion
of the espagnolett fastening (//. 7,/^. 34). It is used on windows witli a
movable centre mnllion, and affords this advantage—namely, that the shut-
ting or opening of both sashes is simultaneously effected above, below, and
at some intermediate point, or in three places, while with the turn-buckle
fastening and the movable mullion four manipulations are required to close

both sashes, consisting of the movement of the whole turn-buckles and of
two half turn-buckles. Two additional movements of the knobs are requisite

to open the sashes to which turn-buckles are attached. The triple fasten-

ing is accomplished by means of a vertical rod, from fs to I/2 inch thick,

secured so as to be able to revolve between the two sashes, thus coming upon
the movable mullion [fig. 34^) by collar hoops or rings {fig. 34^/). This
rod has solid hooks at the ends, and on some point in its lengtli a lever

which can be rotated up and down {fig. 34r). The middle fastening is

effected by laying this lever over into a catch on the other sash wliich does

not carry the movable mullion, while simultaneously the hooks on the ends

of the rod engage in lock hooks, one of which is placed on the transom

and the other on the window sill, or, as seen in Figure 34^7, in correspond-

ing hooks screwed on at these points. In opening, the lever is first thrown
up and off and the vertical rod is rotated by the lever, used as a handle, the

hooked ends of the rod being disengaged by this movement.

The Bascule Faste7iing {fig. 35) is also used on windows having a mov-
able mullion, and it too effects a fastening in three places. It is a superior

form of bolt used in connection with a stop. The rods lie either upon or

inside of the movable mullion, and can slip vertically up and down into

striking plates or lock hooks screwed on at such points as would be selected

if the espagnolett were used. The rod may be in one or more parts. In

the latter case, the two parts move in opposite directions; and all tlie vari-

ous arrangements found in bascules are intended to effect this movement
Vol. v.—7
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in different directions simultaneonslywith tlie lifting or falling of the stop.

One of the best arrangements is seen in Fignre 35/; (/>/. 7). The stop is

moved up and down by the handle {fig. 35^, r), while at the same time the

small cog-wheel inside is made to turn, and by engaging in the cogged

ends of the two bolt-rods it forces them up or down. If the bolt rod is in

one piece, it must be hook-shaped at the end, and so curved that when the

window is opened the hook is drawn out of the staple, while in closing one

end engages as usual and the other curved end shoots into the staple from

the opposite side.

Locks are appliances by which doors, lids of desks, trunks, etc., are

temporarily fastened in such a manner that only the possessor of a key of

peculiar form can loosen or unlock the fastening by the slipping of a bolt;

and this key is also necessary to repeat the operation of closing or

locking.

The French Lock {fig. 37), which is one of the simplest forms of lock

now extensively used, is well suited for the doors of dwelling-houses.

The bolt stands in a quadrangular box or rim. Its head—or double head

(as in the Figure)—after passing through the cramp of the rim, enters the

corresponding opening or openings of the catch fastened on the door-jamb

or in folding doors on the leaf not generally moved. The end positions of

the bolt are fixed by a spring lever, the tumbler, which must always be

lifted by the wards of the key before the bolt can slide. The effective

turning of the key results, first, in lifting the tumbler by the bolt, and,

second, in moving the bolt, both in locking and in unlocking. The return

of the tumbler to its resting-place is effected by a spring.

To increase the difficulty of imitations of the key, wards {fig. 38) com-

posed of sheet metal are set inside the rim, which prevent the key from

being turned if its wards have not openings shaped to correspond exactly

with the form of the profile of the guard. Changing the form of the guard

furnishes a simple method of varying the locks and keys of a house or of a

story in a flat or hotel, the arrangement being otherwise similar. At the

right of the top of Figure 37 is the key of a French lock with complicated

wards; under this is a blank key, by which, if it is covered with wax, the

profile form of the ward may be taken from the outside if it is desirable or

necessary to make a skeleton key or "pick," by which an effective substi-

tute for the regular key is obtained. False keys in two forms are shown
on the right of the lower part of Fignre 37.

Padlocks, etc.—When the head of the bolt is not to enter a box staple,

but the end of the hasp forming part of the lock box, which is to be hung
in a staple or ear fastened to the door-jamb, the appliance assumes the form

of the padlock {fig. 39). Other modifications in fonn arise when the bolt

is so changed in shape and position as to afford security from unauthorized

intrusion to desks {fig. 40), trunks {fig. 41), etc.

Combinatio7i Locks.—The fact that all locks with a single tumbler are

comparatively easy to open with keys other than those expressly made for

them has led to the invention of the combination lock. In it the move-

I
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ment of the bolt can occur only after a number of movable tumblers have
all been brought into certain positions; so that the misplacing of even a
single one of these tumblers will prevent the bolt from moving.

In the letter lock (/>/. 7, fig. 42) tumblers take the shape of rotating
rings, and the letters for making the combination stand on the outside.

In Chubb's lock {fig. 43) the tumblers are arranged as levers that rotate

about a pin common to all the tumblers in the lock box, and they have
perforations of a peculiar form into which a pin or dowel on the bolt pene-
trates. Each of these levers is brought into the position requisite for free-

ing the bolt by a special part of the wards of the key. It therefore assumes
an irregularly notched form on the edge of the main ward, and the differ-

ences in lengths and grouping of the required notches or divisions of the

ward afford facilities for easily obtaining a notable variety in locks of this

kind which are alike in general features. In Price's lock {fig. 44) the

tumblers surround the keyhole, so that the part accessible from the outside

is made as small as possible, for the purpose of preventing the destruction

of the lock by gunpowder. This, as well as Newell's permutation lock

{fig. 46a), may be regarded as a variation of the Chubb lock, in which the

divisions of the key-ward corresponding to the different tumblers {fig. 46^)

can be separated, and thus interchanged {fig. 46r). By ingeniously divid-

ing each tumbler into two parts, it becomes possible to make such changes

inside the lock by a change of the key and closing the lock by its aid that

the former arrangement of the key becomes useless for opening the lock.

This peculiarity becomes valuable if there are grounds for suspecting tliat

the key has been duplicated or that attempts are about to be made to manu-
facture a false key. Locks of this kind have been used in New York on

safes in which mone}' or valuable securities were deposited.

In Bramah's combination lock {fig. 45), which has frequently been

used on money safes, the tumblers take the form of straight movable

lamellfe, which do not directly prevent the movement of the bolt, but effect

the revolution of a cylinder which acts upon the bolt through an eccentric

pin. Therefore the key has no wards, properly speaking, but only a num-

ber of slots of different depths, in its tube-shaped extremity. All these and

other combination locks have acquired practical value by extensive use in

securing fire-, burglar-proof, and other safes {fig. 47).

Time Locks, now in general use on burglar-proof safes, are so con-

structed that the lock mechanism is controlled by a train of clock-work in

such a manner that the bolts of the lock can be moved only at a given pre-

determined time. The controlling mechanism consists of a supplementary

bolt, whose purpose is to prevent the throwing back of the locking bolts

until the prearranged time, when the gearing throws out the supplement-

ary bolt, leaving the locking bolts free to be thrown back by turning the

knob. Locks on this principle are now considered the most efficient as

safeguards against picking, and they are generally adopted for the protec-

tion of bank vaults, etc.

Night-latch.—With the simple forms of locks used on the doors of
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dwelling-houses, a dormant bolt with single or double knob is combined

for use in connection with a night-latch, as shown in Figure 36 {pi. 7).

Yale Locks.—In the United States, a number of inventions pertaining

to locks used on doors have been extensively introduced. One of the most

ingenious is represented by a lock invented by the late Linus Yale, Jr. ; it

was first introduced about 1861, and was subsequently improved by a com-

pany engaged in its manufacture. Prior to this invention, the keys of all

door locks were of a form or shape similar to that of the keys shown in

connection with the illustrations of door locks described above. Leading

features of his improvements in keylocks consisted, first, in separating the

kev mechanism of a door lock from the case of the lock (which contains

the bolt) and in enclosing it in a separate shell, or escutcheon, inserted

from the front of the door and connected permanently through the door

with the lock case behind. This made it possible to adopt a uniform size

of keys for doors of all thicknesses.

The original Yale key is illustrated in Figure i {pi. 8), and the man-

ner in which it aided to accomplish the results attained is shown in Fig-

ures 2 and 3. Figure 3 shows a longitudinal section of the escutcheon

of a Yale lock. The key is shown in the lock raising the pins, or tum-

blers, to such heights that the joints between the two pins contained in each

hole coincide exactly with the joint between the plug and its hole, leaving

the plug free to revolve, and thus to actuate the lock. Figure 2 is a trans-

verse section of the escutcheon taken through one of the pin-holes on the

line rrf of Figure 3. Figuresisa front view of the escutcheon, showing the

keyhole and plug. When the key is withdrawn, the small brass springs

press the pins to the bottom of their respective holes; so that the upper

pin in each hole crosses the joint of the plug and effectually bars its mo-

tion. As the variation of one-fiftieth of an inch in the depth of any one

notch of a key will so alter it that it will not open the lock to which it

belongs, it is evident that an inmiense variety of keys can be made with-

out duplication. This construction enabled a flat key to be used, and led

ultimately to the adoption of the small and convenient form embodied in

the Yale-lock key.

At a later stage of development and at a comparatively recent period

the new Yale corrugated key was devised. This new key consists of the

original plate key altered only by having its blade, or portion which enters

the lock, corrugated in longitudinal lines. By these apparently simple

means and a corresponding change in the form of the keyhole, it is claimed

that notable additions have been made to the advantages possessed by the

original Yale lock. They include, among other things, these qualities

—

namely, the lock cannot be operated by any key but its own ; it cannot be

picked except by some tool which will raise the tumblers, and it is alleged

that the shape of the keyhole renders it impossible for any tool to raise the

tumblers; should an unauthorized person temporarily get possession of the

key, he would be unable to have a duplicate made, because the corrugated

key, shown in Figure 4 (//. 8), must conform to the exact contour of its
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keyhole, shown in Figure 5, with an accuracy attainable only by the use
of special and expensive machinery.

Figure 12 exhibits the Yale standard front-door lock, with section

removed to show the operating niechauisin. The ordinary street-door lock,

combining bolt and night-latch, requires two keys, but in this improved
form of lock only one key is necessary, both bolts of the lock being con-

trolled by a single key; so that its possessor can never be locked out. An-
other key is furnished with the lock intended for the inside locking of th.e

main bolt only, but this key will not operate either bolt from the outside.

Figure 16 illustrates a form of concealed bolt which is mortised into the

edge of the door-leaf, and is operated by a metal thumb-piece.

The Door Check and Spring {fig. 6) is a simple and effective device for

automatically closing the doors of apartments and for preventing the annoy-
ance caused by their slamming. It consists principally of a spring the

strength of which is gauged according to the resistance presented by the

door to which it is attached, and a cyliuder furnished with a piston, the

latter being set in motion by the movement of the door in opening and clos-

ing, and provided with a valve which permits the air to enter the cylinder

freely when the door is being opened, but which closing exhausts the air

more or less according to the force exerted in the operation, and thus acts

as an air-cushion, bringing the door to a stop for an instant just before the

point of closing, when, as the air pressure is equalized, the tension of the

spring quietly closes and latches it. The device is provided with suitable

brackets, adapting it to be attached by one to the frame over the door and

by the other to the top of the door itself.

VII. CHIMNEYS.—HEATING AND VENTILATING APPARATUS.

The objects named in the heading take rank among the most important

in the whole domain of building construction, and their consideration in-

volves peculiar difficulties, as it must involve other departments of science.

This treatise will be restricted, however, particularly in regard to the

apparatus for heating, to the proper selection of methods, and to a general

inquiry into the conditions demanded for successful application. Chim-

neys are, indeed, parts of heating apparatus, but a separate consideration of

them is justified for the reason that their arrangement does not depend upon

the special purpose for which they are built, and because the chimney forms

an integral part of the entire building, while heating apparatus is frequently

a separate adjunct. The means employed for heating and ventilation will

be considered together, on account of the close natural connection between

them, and also because they are generally in actual union.

Chimneys a.rz built for the purpose of carrying off the products of com-

bustion, such as carbonic oxide, carbonic acid, steam, the incombustible

portions of fuel, etc., and also of introducing the necessary amount of at-

mospheric air, or oxygen, needed in the process of combustion. The

quantity of product to be carried off must regulate the inner dimensions,

or cross-section in the clear, and also, indirectly, the height of the chim-

SANTA BAKBAI^A ....eI-LS^^R^
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ney. The outer dimensions, however, must depend entirely upon con-

siderations of construction, such as stability, material, relative position,

safety against fire, and architectural elegance.

Draught.—The upward tendency ofthe air current within the chimney

—

called the "draught "—is caused by the direct effect of a column of specif-

ically heavier atmospheric air of equal height on the outside of the chim-

ney upon the column inside, which is rarefied by the heat, and is therefore

specifically lighter. Apart from such hindrances to its passage as the fric-

tion of the walls, etc., the draught is increased in force by the additional

height of the chimney and the difference in temperature between the in-

side and the outside column of air. The product of the speed of the

draught and the size of the cross-section will give the volume carried away
in a given unit of time, and, inversely, the size of the cross-section must

depend upon the speed or strength of the draught and the quantity of

smoke to be carried away. If the chimney has a cross-section larger than

the smoke-flues of the heating apparatus or of the opening for atmospheric

aif, the force of the draught will be proportionally retarded. In other

words, narrow chimneys draw better than wide ones.

The distinction between factory chimneys and those in ordinary build-

ings must be clearly marked. The latter have cross-sections of regulated

size, and a height also regulated by the character of the building; so that

the number of chimneys must be proportioned to the volume of the prod-

uct to be carried away. In factories, on the contrary, the dimension of

the chimney is varied according to the demand made upon the boiler fur-

naces for steam-power.

Chiinncys for Ordinary Buildings are usually of two kinds, one being

of such width that it can be entered, the other being the narrow, or Rus-

sian, chimney. In the former, the cross-section is at least 15^ inches in

the clear and the walls one brick, or 4. 7 inches, thick. The Russian chim-

ney is generally preferred, as the air can be more quickly and uniformly

heated, and as it can be introduced into the walls without occasioning a

projection or chimney breast. It also requires less framing in the floor

joists and beams, takes less space, and is easily cleaned, a broom weighted

by a ball and suspended to a line being used for the purpose. The cross-

section of the Russian chimney is generally circular and "i^ inches in

diameter. In many countries—as in Saxony, for instance—the bond of

the courses is arranged as in Plate \o(fig. i). The bricks employed are of

the .size used in the walls—that is, 9.8 inches long by 4.7 inches wide and

2.5 inches thick. A circular notch of i inch depth is made on one of the

long sides of the brick, as seen in the Figure, reducing the wall to a mini-

mum thickness of 3.7 inches. A chimney built in this manner can carry

off the smoke of three ordinary stoves, and can be built without a chimney
breast in a brick wall 15 inches thick, a slight departure from the vertical

direction being admissible.

Caps.—Chimneys are often covered with a plate having a correspond-

ing opening or terminated by a more or less ornamental extension of sheet
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metal, as in Figure 9 (//. 2), and are carried above the ridge of the roof
to such a height as will assure the carrying off of the smoke. Further
to assist this process, and particularly to nullify the effect of unfavorable
winds, chimney tops are frequently set on. They are either movable or sta-

tionary. Figure 2 {pi. 10) exhibits a movable one, consisting of a metal
pipe the width of the chimney fastened in such a manner.that it can revolve
and ending in a funnel opening sideways. It also carries a vane made as

large as possible. As the wind blows, the vane causes the top to turn so
that the mouth of the funnel is directed away from the wind. A rarefaction

of the air thus occurs directly in front of the opening, suction is induced,
and the draught upon the smoke is increased. The only defect in this

construction is that a sudden change in the direction of the wind may
affect the mouth of the funnel and interfere with the outlet of the smoke.
The chimney top also requires careful attention, that it may always be in

condition to move freely. In this respect, the stationary tops are more
reliable. Figures 3 and 4 exhibit examples of the latter. The object in

this case is to break the direction of the wind so that it is deflected toward
the top, inducing suction. In the example shown in Figure 3, a conical

screen of metal is combined with a cylindrical metal pipe which is placed

either in or upon the top of the chimne\-.

Deflector.—Figure 4 shows the patent cap, or top, invented by Wind-
hausen and Biissing of Brunswick, and called the "deflector." The
screen, as shown in the cut, is more sloped, and is surrounded by a pecu-

liarh' shaped case with openings on the lower edge for the admission of

air; the upper part stands out in such a manner as to allow the wind to

enter and assist in getting rid of the smoke. The other parts of the appa-

ratus, such as the flat cover in Figure 3 and the funnel hung in the casing

and furnished with small pipes as in Figure 4, serve to hinder the entrance

of rain, and also to prevent the chilling of the air within the chimney.

Factory Chinuicys are built either square, octagonal, or circular on both

the outside and the inside, or occasionally with an octagonal form on the

outside while circular on the inside. As great height is required, not only

to induce the necessary draught, but also to prevent annoyance from the

smoke, they generally tower above the surrounding buildings, and are built

tapering, in order to insure greater stability.

The taper usually extends through about one-twentieth of the full

height of the chinniey, and on both the outside and the inside. Thus a

chimney gSj/ feet high with an upper wall 9.8 inches thick will have a

lower wall of from 19.7 to 21.7 inches in thickness. As a rule, when the

chimney is circular, requiring wedge-shaped bricks, the wall maybe thin-

ner than the other forms. The thickness of the lower wall of the chimney

need not bear any special proportion to the pediment, which is almost

always seen in factories, and is generally square in cross-section with

thicker walls. The tapering on the inside is done either at certain sec-

tions or continuously, but care must be taken that the upper diameter on

the clear is not too small to permit the free passage of the smoke.
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It is impossible here to consider in any way the proportions of the quan-

tity and pressure of steam or the number and capacity of boilers in relation

to the height of chimneys. Being generally built of brick, factory chim-

neys are readily ornamented at the top. Figure 5 {pi. 10) exiiibits one

with an octagonal cross-section; Figure 6 shows one of a circular cross-

section with the corresponding arrangement of its pediment. As the illus-

trations indicate, pleasing effects are obtained by the introduction of spe-

cially shaped and tinted bricks. Some of these structures are notable for

their great height. The loftiest chimney (454 feet high) in the world, and

one of the highest masonry structures, was built at Port Dundas, Glasgow,

Scotland, in 1857-1859. There are only two church-steeples in Europe

that exceed it—namely, the Cologne Cathedral (510 feet) and that of Stras-

burg (468 feet); and but one loftier structure in America—namely, the

Washington Monument (550 feet). A few of the most prominent factory

chimneys, arranged in the order of their height, are named in the following

table:

Comparative Heights of the Principal Tall Chimneys.
Height
in Feet.

Glasgow, Port Dundas, Scotland, F. Townsend 454

Glasgow, St. Rollox,.Scollaiul, Tennant & Co 43^^
Halifax, Dean Clough Mill, Scotland, Messrs. Crossleys 3S1

Lancashire, Bolton, England, Dobson & Barlow 367

East Newark, New Jersey, United States, Clark Thread Co 335

Barmen, Prussia, Germany, Wessenfiekl & Co 331

Edinburgh, Scotland, Gas-works 329
• Huddersfield, England, Brook & Son, Fire-clay Works 315

Smethwick, England, Adams Soap-works 312

Carliile, England, P. Dixon & Son 300

Bradford, England, Mitchell Brothers 300

Greenhithe, Kent, England, J. C. Johnson 297

Lowell, Massachusetts, United States, Merrimack Manufacturing Co 283

Dundee, Scotland, Camperdown Linen-works, Cox Bros 282

Creusot, France, Schnieder & Co 280

Lancashire, England, Barrow-in-Furness Hematite Iron Co 259

Bradford, England, Manningham Mills, Lester & Co 256^
Manchester, New Hampshire, United States, Amoskeag Manufacturing Co. . . . 255

West Cumberland, England, Hematite Iron-works 250

Lancaster, England, Story Bros 250

Cheshire, England, Connahs Quay Chemical Co 245

Bradford, England, Newland's Mill 240

Lawrence, Massachusetts, United States, Pacilic Mills 233
Harwich, Dovercourt, England, Pattrie & Sons 230
Woolwich Arsenal, England, Shell Foundry 224

New York City, New York, United States, New York Steam He.iting Co 22I

Northfleet, England, F. C. Gostling & Co 220

Ivorydale, Ohio, United States, Proctor & Gamble 218

Lawrence, Massachusetts, United States, Tower Pacific Mills 215

Dewsbury, England, Olroyd & Sons 210

Lanarkshire, Scotland, Coltness Iron-works 210

Wilmington, Delaw.are, United States, City Water-works 204
Philadelphia, Pennsylvania, United States, Finley & Schlechter 202

Lamokin, Pennsylvania, United States, John M. Sharpless & Co 200



Heating Apparatus.] BUILDING. 105

Heating and Ventilating Apparatus.—The direct object of all heating
apparatus is the production of warmth, but the different uses to which this

product is applied necessitate great variations in the mechanical details.

The methods by which heat is utilized for the transformation or combina-
tion of diverse materials in different industries will not here be considered,

as they belong more directly to mechanical or chemical science; the pres-

ent examination will, therefore, be restricted to the appliance of heat to

the particular requirements of the rooms of buildings and for culinary pur-

poses. The apparatus for heating rooms is of necessity intimately con-

nected with the methods for securing ventilation or with the arrangements

by which a free circulation and change of air are maintained in closed

apartments.

Object of Heating Apparatus.—The first object in heating is to raise

the air contained in the apartment to a given temperature, and afterward

to maintain it at that point against the loss of heat from the entrance of

cold air through windows and doors, and also from the effect of the con-

ducting surfaces of walls, ceilings, floors, and especially glass. The gen-

eration of the heat is accomplished frequently in a suitable apparatus con-

tained in the room, the heat being transmitted directly from the walls of

the apparatus or from the hearth itself to the air of the apartment. By
another arrangement, means are provided for conducting the heat from

apparatus outside the room, and this is done by air, water, or steam. The
warming of the air of a room is produced by circulation when no change

of air is required, and this circulation, or movement, is maintained by the

rising of the particles of air near the source of the heat as they become

rarefied, while the particles coming in contact with the walls and windows,

being cooled, become specifically heavier and sink in a corresponding

degree.

Heating Apparatus generally consists of a fire-box or a hearth upon

which the combustion takes place, the floor being made of a grating with

openings, to allow the passage of the incombustible portion of the fuel and

the access of the fresh air necessary to the support of combustion. From

the fire-box the gaseous products pass through longer or shorter channels

or flues to the chimney, giving out in their passage the greater part

of their heat to the walls of the apparatus; while another portion of the

produced heat ser\'es to create the draught of air necessary to supply the

combustion.

Fireplaces or Open Hearths.—In the mechanical contrivances contained

within the room itself, a distinction must be made between fireplaces and

stoves. In fireplaces, as seen on Plate 10 lyfig. 7), the apparatus is open

toward the space to be warmed and the heating is mainly accomplished by

direct radiation. This plan is objectionable on the ground of economy, as

the greater part of the heat must escape through the chimney; but the

arrangements can be made highly decorative and attractive for domestic

uses, as is seen in the illustration. The grate, ash-pan, and communica-

tion with the chimney are exhibited in cross-section.
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Open fireplaces adapted for burning gaseous fuel have lateh- come into

general use in several localities in the United States. The gas is permitted

to escajDe from numerous small orifices in pipes laid on the base of the fire-

place. Designs in the form of logs of wood are sometimes introduced by

way of ornament. They are considered to be in many respects far more

desirable than any previous appliances devised for an open fire.

Stoves: Classification.—Stoves—at least, for the warming of living-

rooms—are much used, and there is a great variety not only in forms and

sizes, but also in the principle of construction and in the material em-

ployed, as will be seen in the examples shown on Plate lo. According

to the principle upon which the heating is to be done and the form of con-

struction affected, a distinction must be made between stoves for temporary

or intermittent heating, as in Figures 8, 9, 10, and 14, and those intended

for continuous heating, as in Figures 11, 12, and 13. Stoves without ven-

tilation are exhibited in Figures 8 to 11, and those with ventilation, or

jacket stoves, in Figures 12 to 14. Distinguishing them b}' the material

employed, those made of iron are seen in Figures 8 and 10 to 14, while the

clay or tile stove is presented in Figure 9. Also, in a classification by

shajDe, round stoves are presented in Figures 8, 13, and 14, and four-cornered

stoves in Figures 9, 10, 11, and 12. The dimensions depend mainlj'upon

the size of the room, but also upon the surfaces producing the chilling of

the air, as well as upon the material, thickness, and position of the walls

and ceilings. Many stoves are suited for the consumption of only a cer-

tain kind of fuel, such as those in Figures 11 and 12, intended for brown

coal, the one in Figure 13 being suited to coke. The other forms can be

used not only for the fuels already mentioned, but also for hard coal, wood,

peat, tar-cake, etc. In explanation of the illustrations, it may be added

that the barrel stove, seen in vertical section in Figure 8, is one of the most

imperfect forms, the distance from the fire grate to the chimney being

very short, and the consequent loss of heat very great unless the distance

be increased by lengthening the stove-pipe. These stoves are made on a

small scale, and are used only where a rapid and temporary heat is

required.

The Tile Stove., seen in Figure 9, has horizontal, and sometimes vertical,

flues, as in the vertical section c; a relatively larger heating surface is thus

obtained. The Figure exhibits the middle partition of each of the hori-

zontal flues for affording additional length, seen vertically in b. The com-

bustion takes place in an iron box enclosed in tiles. (Vertical sections, b

and c; horizontal section, g.^ Cornices near the top and the base are

placed on the outside, rendering the stove more or less ornamental; the

material differs in quality and may be with or without glazing. Faience

stoves, composed of the best white kaolin finely glazed, are elegantly or-

namental, and the Berlin stove is also of this class.

The Iron-stage Stove., shown in Figure 10, has also horizontal flues,

but with vertical connecting pieces, forming the heating tubes; the heat is

very quickly transmitted, but it is not lasting. The fuel is introduced

I
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through one of the narrow sides seen at b. Stoves of this shape are made
of burnt clay with iron casings.

The Self-feeding Stove, for brown coal {pi. \o, fig. 11), affords a con-
tinuous heat as long as the magazine is kept supplied. This magazine
forms the vertical middle part, seen in front view at «, and is supplied by
the charging hopper, seen in side view at b. The receiver stands below, in
direct connection with two hearths; so that when the fire is burning fresh

fuel is supplied to them, the amount being increased when the fire-grate

is set in motion by the handles on the outside. By this motion the spaces
between the bars of the grate are cleaned of the ashes, which fall into the
ash-pan. To prevent the ignition of the entire stock of fuel in the supply-
box, the hopper must be hermetically closed. The flues of the stove pro-

ceed first from the hearth in a curved direction, then vertically upward by
the side of the supply-box, uniting above the latter, and thence by a com-
mon trunk into the chimney. The steady and continuous stream of heat

renders the self-feeding stove particularly useful for large and exposed
apartments.

The fackct Stove—also self-feeding—shown in horizontal and vertical

section in Figure 12, was constructed by Civil Engineer E. Kelling for

the L}.'ing-in Institute in Dresden. In principle it resembles the forego-

ing, but differs in form, being arranged for ventilation, and therefore pro-

vided with a jacket. The fresh air from the outside enters through the

duct id) into the interspace between the stove and the jacket, becomes
heated by contact with the heating surfaces of the stove, and, as the jacket

is open at the top, streams out into the room. There is no arrangement in

this stove for getting rid of the foul air, which must be provided for in

other parts of the room. If no change of air be desired, the fresh-air

opening is closed by the slide (Z), and another one—not exhibited in the

Figure—at the foot of the jacket, is opened, so as to allow the air of the

room to enter, and thus induce a circulation. The cut also shows the out-

side and inside doors (A) for filling the supply-box with coal; slide (i?) for

cutting off the supply-box from the fire-box; horizontal grate with mov-

able raker (C); trap {D) to allow the ashes and cinders to fall directly into

the ash-pan; air cylinder (F) for cooling the fire-plate and supply-box;

evaporator (G) for maintaining the air at a fixed degree of humidity; caps

to cleaning openings (//, H)\ valve {E) for directing the smoke directly

into the chimney from the one vertical smoke-pipe, as is necessary in

stormy weather, or for leading the flame into the three vertical pipes.

The_ Self-feeding Coke Stove with jacket {fig. 13) is constructed on the

same principle as the one just described, as regards both heating and ven-

tilation; the manner in which it is finished is, however, essentially different.

The reservoir, or filling hopper, for the coke is circular in section, tapers

as it rises, and is closed by means of a cover with a sand calk while

combustion is progressing. The smoke-pipe, ring-shaped in section, is car-

ried around the charging hopper, and is connected below with the fire-box

by a slit that passes entirely around, while it is connected above with the



Io8 CONSTRUCTIVE ARTS. [Heating

chimney. Outside the smoke-pipe, and concentrically with it, lies the

perforated jacket; into the space between, the air from the outside is in-

troduced through a channel below, and it comes out heated, above, into the

room. The top of the stove has a movable cover and is made to hold a

vessel of water.

The Regulator Stove with jacket {pi. lo, Jig. 14) serves for ventilation

like the one just described. The air enters the space between the stove

and the jacket when the valve (c) is opened, and when heated issues through

a into the room. When ventilation is not desired, the valve {c) is closed,

and another valve, on the right, at the foot of the stove, is opened instead,

as is seen in the cut of the exterior of the stove. The valve {a) in the

stove itself serves, when set diagonally, to direct the fire into the chimney,

the lower stove door being opened, as seen in the cut, so as to conduct the

air of the room over the burning coal, as in a fireplace. In regard to the

regulation—which can also be done as well in other stoves—a slide in the

lower door is opened or closed, so as to admit the required amount of air

to support the consumption of the coal. The upper door is considerably

above the grate; the fuel is heaped in to the same level through this upper

door, and is kindled with wood. During the kindling the whole of the

lower door maybe left open; it is afterward closed and the regulating

done by the slide.

American Stoves.—In the United States, an immensenumber of stoves,

heaters, ranges, and furnaces are manufactured, and many devices have

been introduced. Changes are frequently designed in various details, and

arrangements are promptly made to provide for all well-defined require-

ments based on differences in the kind or quantity of fuel to be consmned,

the amount of heating effect to be produced, the extent to which ornamen-

tation is desired, etc. Inventive genius and manufacturing enterprise ha\-e

been active in all branches of heating apparatus, and particularly in con-

nection with stoves or ranges used for cooking. There are also a large ninn-

ber of parlor stoves or heaters used exclusively for heating in parlors, sit-

ting-rooms, or bed-rooms, and many kinds of furnaces used in heating air

transmitted from cellars to rooms in the upper stories of dwellings.

Figure 7 {pi. 9) exhibits a form of an American base-burning coal

stove, with section removed to show the interior arrangement of the maga-
zine, or supply-hopper, and fire-grate. A popular form of heating apparatus

is the Franklin stove {fig. 8), which combines the sanitary advantages of

the open fireplace or grate with the economical heating effect of the closed

stove, or hot-air furnace. A modification of the Franklin stove has the

open-grate fire with provision for warm-air circulation. It may be used,

therefore, for heating several apartments by a suitable arrangement of hot-

air flues. A convenient adjunct to either a stove or a hot-air furnace is

that shown in Figure 6. This consists of an extension of the smoke-flue to

the floor, at which point it is perforated with suitable openings to admit

air. The pipe leading from the stove is provided with a damper, as is also

the extension-pipe. By closing the door of the stove or furnace and partly
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shutting ofif the damper in the stove-pipe and opening the damper in the

anxiliary flue, the draft will be so controlled as to maintain the fire in

moderate activity for a long time. A reversal of these operations quickens
the fire. By this improvement the heating apparatus can be perfectly

regulated without opening the fire-door.

The forms of heating apparatus in which the heat is generated outside

the room are extensively used at the present time for public buildings as

well as for private dwellings. According to the means employed, these

methods are known as "hot-air," "water," or "steam heating."

Ilol-air Heating is accomplished by air warmed in a special chamber
by a stove or heater and conducted by flues to the room where it is needed.

The cool air of the room may be taken back to the heating chamber
through downward flues, or channels of circulation, to be warmed again, or

through .ascending flues, or channels of ventilation, upward to the open air.

In the latter case, fresh air from outside must be supplied to the heating

chamber. The heater and flues may be arranged in a variety of ways. Fig-

ures 15 and 16 (//. 10) represent the hot-air heating apparatus constructed

on correct principles by the above-mentioned Engineer Kelling. The lower

parts of the cuts show the heating chamber (..-V), in both cross- and longi-

tudinal-section, and the heater, which consists mainly of cast-iron tubes

(Z>). The former is divided by partitions into sections, according to the

number of the rooms to be heated and the amount of heat likely to be lost

in them. For cold air, each section has an opening (/) below, which com-

municates with the main duct (c); and for the heated air above, a corre-

sponding opening, which communicates with the hot-air flue. The fire is

self-feeding. In Figure 16, /is the receiver for fuel; K, the fire-grate, in

steps, with horizontal grate beneath; /, raker for removing ashes; w, turn-

plate in the smoke-pipe leading to the chimney; and^^, caps for cleaning

openings in heating flues. To assure moisture to the air, an evaporator,

seen at c {fig. 15), is set parallel to the heating flues and adjusted from the

outside. The manner in which the heating is done is seen in the upper

part of the Figure, where a is the register; d, damper for summer ventila-

tion; and e, damper for spring and autumn. The double damper {b\ when

the other dampers are rightly adjusted, eflfects circulation when lifted and

ventilation when lowered. The following directions, prepared for the use

of this heater, will complete the explanation: i. For kindling the fire: a

open; b lifted; c, d,fi closed. 2. For winter ventilation: a open; b low-

ered; r, d, closed; /open. 3. For ventilation in spring and autumn: a

closed; h lifted; copen; «' closed ;/ open. 4. For summer ventilation: a

closed; b lifted; f, / closed; d open; windows open.

Hot-air Heating in the United States.—\ large proportion of the dwell-

ings located in cities and populous towns in the United States are heated

by air warmed in furnaces, usually located in cellars, and numerous devices

are used in connection with such systems. Physicians and sanitary engi-

neers as a rule regard them as deleterious to health, and especially to those

who are closely confined and when the ventilating apparatus is defective.
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Furnaces of considerable size and heating capacity are commonly brick-

cased—an arrangement which greatly facilitates the proper setting of the

furnace, and which is desirable on the score of economy, as the masonry

aids substantially in preventing the wasteful conduction of heat. Figure

9 (//. 9) illustrates an improved brick-set furnace with a section cut

away to show the construction, and Figure 10 exhibits one of the more

common forms of furnaces usually called "portable heaters." A belief

that there are more agreeable and wholesome modes of heating dwellings

is leading to changes in prevailing practice, some of which are in the direc-

tion of a return to open grates, and others toward the use of systems of

heating by hot water or by steam.

Hot-zvater Heating depends upon the circulation of hot water through

pipes, the heat being communicated to the air of the room by the walls of

the pipes. The chilled air, being specifically heavier, causes the ascent

of the warm water, which is specifically lighter. This is accomplished by

two method.s—one known as "'high pressure," the other as "low pres-

sure." In the low-pressure {pi. \o.,fig. 17), the water is raised to the

boiling-point. In the high-pressure system {fig. 19)—also known as Per-

kins' method, from the name of the inventor—the water is raised above

the boiling-point, and for this reason the system of pipes must be entirely

closed.

Low-pressure Water Heating.—In low-pressure water heating, after the

water is heated in an iron or a copper boiler, it proceeds through a flow-

pipe—covered, to prevent chilling—first into an expansion vessel near the

roof of the house and open at the top, and is thence distributed through

pipes to the different stories and rooms, where the heat is given off either

by the walls of the pipes or by radiators; the water then returns to the

boiler. Figure 18 gives two sectional views of one of these radiators as

used in a parish school in Berlin. It consists of a wrought-iron cylinder

of 2.1 feet diameter, and is provided with a number of inner pipes, into

which the air of the room enters from below and emerges at a higher tem-

perature above. The warm water, on the contrary, enters the radiator

above and leaves it below; so that the heat is given off by the walls of the

large cylinder as well as by those of the small air-pipes. The supply of

water can be regulated or cut off entirely by cocks. If ventilation is also

to be provided for, the air-pipes of the radiator must be brought into direct

connection with a duct for fresh air below.

High-prcssiire]Vatcr Heating—Perkins' system—is shown in Figure 19.

The flow-pipes are seen at a; return-pipes, at b and c; and the closed expan-

sion-pipe {ni) is shown at the upper end. A cock (;?) is also placed at the

highest point; this must be open while the water is being forced in, to allow

the air in the pipes to escape, while it also allows the passage of the water.

A little evaporation always occurs during the heating, on account of the

heavy pressure and the porosity of the iron. These pipes must be of

wrought iron, and of narrower calibre than for low-pressure heating, on

account of the pressure of the superheated water. For the same reason,
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boilers and radiators are not used in this system, their places being sup-

plied by coils of pipe, of which one {A) is shown at the furnace and two
others {B, C) in the rooms. As the length of the pipes is limited and
ought not to exceed 820 feet, several systems with an equal number of coils

are used. The latter receive heat, as shown in Figures 19 and 20 (//. 10),

from furnaces built of brick, a single fire generally ser\-ing for two coils.

The furnace designed by Engineer John Haag of Augsburg for the in-

sane asylum at Neustadt-Eberswald is represented in Figure 20: a is the

front; b^ vertical section; r, cross-section; d, ground-plan, taken horizon-

tally over the grate. In the elevation («), the doors for makiug the fire

and for the ash-pan are seen in the middle, above and below; the pipe con-

nections for the corresponding coils, at the right and left; the flow-pipes,

at the outer ends above; and the return-pipes, nearer the inside and goiug

farther down. A supply-pipe o\-er the point «, proceeding from a force-

pump, is connected with the latter. In the longitudinal section {h) the

fire-grate, lying well elevated, is seen in the middle. The gases produced

by combustion proceed from the grate through openings in the two parti-

tions, then through the coils downward to the common smoke-flue, which

is provided with a damper. The lighter-tinted portions of the sections and

ground-plans represent fire-brick. No further explanation will be neces-

sary for Figures c and d.

Gurncy System ofHot-zcatcr Heating.—There has been carefully devel-

oped an American system of hot-water heating—called the "Gurney sys-

tem " (//. 9, y?^J. 2, 3, 11)—which is intended to serve as a substitute for

steam heating in hotels and large buildings in which it is extensively used,

and also for service in dwellings. A description of its advantages includes

claims that hot-water radiators will heat with a low fire, and will continue

to give out heat not only as long as there is any fire under the heater, but

also after the fire is completely extinguished and until the water in the

apparatus becomes of the same temperature as that of the surrounding

atmosphere. It is alleged that the hot-water radiators can be perfectly

controlled and regulated by partly closing the supply valve; that there is

no danger from explosion, and no waste of water; that the consumption of

fuel is less than by any other mode of heating; that equality of temperature

is maintained throughout all parts of the building; that the apparatus is so

safe and simple that an ordinary domestic is competent to take charge of it;

that it costs little or nothing for repairs and is considered very wholesome

for dwellings.

Steam Heating closely resembles low-pressure water heating. The

steam, which is generated in a boiler, proceeds through a well-covered

supply-pipe to the transmission-pipes in the rooms. In these pipes, which

are generally of copper and rather large, the steam is again condensed into

water by the loss of heat and returned to the boiler by a special pipe. As

a substitute for such arrangements radiators can be used, as in the hot-

water heating system. Figure 21 (//. 10) shows one which was erected

for the baths at Elster, in Saxony, by Engineer E. Kelling. It has an
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exterior and an interior cylinder; between them is the steam box (^), to

which the steam is conducted by the pipe «, from 0.6 to 0.8 of an inch

calibre, while the condensed water drains off through the pipe c. The

steam enters the shut-off space (r) at the top through the pipe a. This

space (f) is provided with an air-valve and contains a receptacle {g) which

is thus warmed, as well as any bath linen which, may be placed in it. The

condensed-water pipe {S) as it leaves e unites below with the pipe c. By

means of the valve {K) the apparatus can be utilized both as a ventilating

and as a circulating stove. In the former use, the fresh air enters the room

when the valve is lifted; in the latter, the valve being lowered, the air of

the room circulates through the inner cylinder.

American Steam-heating Systems.—In the United States, steam heat-

ing has been extensively used in connection with the heating appliances

of hotels, factories, and various other buildings in or near which steam-

engines are located. One of the general effects of the numerous applica-

tions of this description has been the discovery of the causes and remedies

of various defects or deficiencies and the invention of numerous desirable

adjuncts. There is a wide diversity of views regarding the relative merits

of hot-water and steam-heating systems, which latter are being extensively

introduced in various cities—especially in New York and Boston—where

a large number of dwellings and shops or working-rooms are supplied with

steam from one or more connnon centres.

Steam-heating Companies.—The protracted and successful efforts made

to extend these steam-heating systems over miles of streets have disclosed

the nature of the practical difficulties to be encountered and led to the

adoption of devices for surmounting them. The results reached and the

advantages claimed, as described by the engineer of the New York Steam

Company, Mr. Charles E. Emery, are as follows: "It will be understood

that steam-engines of all kinds and sizes in any location from cellar to gar-

ret can be operated to drive shops, furnish electric light, pump water, and

the like, and that heating, either by live or exhaust steam, can be done on

any scale; but it is also true that nearly all the cooking of a family can be

done by steam. Nothing is lacking, in fact, but sufficient temperature to

brown bread and put the finishing-touch, as it may be called, on broiled

meats With steam stoves fitted with various devices and having in

connection therewith small gas stoves for finishing the broiling of meat,

and perhaps gas attachments to the ovens to brown the bread and cake,

housekeepers will be provided with a great boon. With the exceptions

named, which do not form a large portion of the work, every operation can

be performed by simply regulating a steam valve. By these means the

objectionable features of handling coal and ashes will be entirely removed,

and provision for doing most of the cooking, as well as complete facilities

for heating water, and in winter for warming the building, be provided

'on tap,' so to speak, the same as gas and water."

Gas Heating differs essentially from all the methods previously treated,

for, although the heat is conducted through pipes, the generation of the
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heat—that is, the combustion of carburetted hydrogen, or burning-gas

—

is effected in stoves standing in the rooms to be heated. No chimney is

used with this apparatus, and the air becomes unfit for respiration unless
some means of free access to a chimney is devised. Figure 22 {pi. 10) is

one of Eisner and Stumpf's gas stoves as constructed by them in Berlin.

It is open in front, and has twenty-four burners, each burner being one foot

long. The heat from the burning gas is communicated to the air of the
room in part directly, and also indirectly through the walls of the stove, as

well as by the diagonal plate on the inside. In the houses and cities

located in the natural-gas regions of the^ United States, this fuel is uni-
versally employed for domestic as well as industrial uses, and with most
satisfactory results.

In conclusion, it may be said that several of these svstems of heatino-

may be combmed.. The entire apparatus may be constructed as for hot
air, while the air supplied may be heated by passing over steam or hot-water
pipes in the heating chamber instead of in the heater, or by the method
of steam heating, with the difference that the steam does not give up its

heat directly to the air of the room through the walls of the pipes, but in

the first place to water inside of a water sto\'e.

Apparatusfor the Preparation ofFood^ either by roasting, by stewing,

or by boiling, vary greatly in size and special fittings, and also in the

method by which the heat is generated. The size depends mainly upon

the number of articles to be prepared, and the special fittings depend upon

the customs of the country and the habits and relations of the family. The
heating may be produced b}- common fuel—such as wood and coal—by
steam, or by gas. Figures 23 and 24 give examples of apparatus of

the first kind upon a small scale, for domestic use; Figure 25 shows the

same arrangement of larger size, for the purposes of a public institution;

Figure 26 exhibits a large steam-cooking apparatus, also for a public in-

stitution; and Figure 27 shows a small portable gas apparatus intended for

family use.

Cook-stoves and Ranges.—The arrangement shown in Figure 23 is

constructed of iron, and consists of a small fire-box or range, with a

cooking or roasting stove, two ovens, and a water-back. The single fire is

on oneof the .shorter sides of the range; so that the buruinggases pass under-

neath the top of the range to the cooking stove proper, where they come

in contact with the walls of the ovens on all sides and with the water-back

on one side, proceeding thence to the chimney. The top is provided with

rings and openings by means of which iron cooking vessels are brought in

direct contact with the fire, as is shown in Figure 24 in vertical section.

But the cooking vessels are often set upon the top with no opening. The

range is 9J/2 inches high, about 11 inches wide, and 13 inches long, and the

stove containing the ovens 4 feet high, 11 inches deep, and ^.^Va inches

long. Similar apparatus are built of masonry, with or without tile facing.

The varieties of cooking appliances in the United States are legion, and

they display great ingenuity in design and construction. The develop-

VoL. v.—

8



114 CONSTRUCTIVE ARTS.

ment of the heating apparatus for cooking from the primitive open fire-

place to the modern coal stove and range exhibits remarkable advance-

ment in this department of invention. The cooking apparatus in general

use in cities for domestic service is the brick-set range, of which well-

known and improved forms are shown in Figures 4 and 5 (//. 9). Ranges

are usually provided with a "water-back," or boiler, to aiTord supplies of

hot water for the use of the household; the most recent form of the kitchen

range is furnished with an improvement termed a "circulating boiler,"

which insures an increased supply of hot water.

The cooking arrangements for the prison at Antwerp—of which Figure

25^' (//. 10) shows the exterior—are built in a sort of recess, over which, as is

seen in the sections b and r, wide flues are constructed, to carry off the

vapor and ventilate the kitchen. Of the three kettles, two are used for

preparing food, and the third contains the water to be warmed for kitchen

use. The setting of hollow copper rings outside the kettles is peculiar.

They are connected, with flow- and return-pipes, which lie in the venti-

lating flues of the building, and, like these pipes, are filled with water;

so that the ventilating flues are warmed when the kettles are used.

TIic Steam-cooking Apparatus seen in Figure 26 is that of the Insane

asylum at Neustadt-Eberswald, and, like the high-pressure water-heating

apparatus of the same institution, was constructed by Engineer John Haag
of Augsburg. The kettle, or boilers, made of copper, have their lids

counterweighted and are suspended by tight-fitting joints in hemispherical

jackets. The steam from the main steam-pipe («), shown cut through in

Figure 26<5, enters the space between the boiler and the jacket through the

connecting-pii^es (r); d^ d, are the pipes for the condensed water, opening into

the main pipe, b; x, x, are air valves, to be opened for the entrance of the

steam, and then closed; /is the cold-water supply-pipe for the boilers; fin-

ally, e, r,are flue-pipes leading to a ventilator, to carry off the fumes of the

cooking. The whole is surrounded by an iron casing.

Portable Gas Stoves.—The small portable gas-cooking apparatus shown

in Figure 27 consists of a sort of tripod upon which is placed the vessel to

be heated. Inside the tripod are the gas-burners, connected with a piece

of gas-pipe so arranged on the outside as to make a convenient handle.

The gas is brought to the apparatus from the mains by means of an india-

rubber tube. Figure i {pi. 9) shows a recent form of cooking range heated

by gas. This is an American apparatus which is growing in popularity.

Oil Stoves are in very general use for heating and for culinary purposes.

Where perfect combustion of the oil is insured, the result is a pure white

flame and intense heat without smoke or odor. These stoves are adapted

to give, during early autumn and spring, a sufficient warmth to rooms

which would be overheated by furnaces or stoves. Being placed on rollers,

they can easily be moved from one room to another, and require no more

care than an ordinary house-lamp. Stoves heated by gasoline—one of the

products of petroleum—are adapted to the same uses as oil stoves. The
gasoline stove is practically a gas stove.
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VIII. PRIVATE AND PUBLIC BUILDINGS.

Under this head will be considered edifices erected for special and
practical purposes in which the elegance of the architecture is only inci-

dental to the object in view. Such structures will be excluded as would
come under an agricultural classification, including stables, barns, etc.,

also railroad buildings (which will be considered under Engineering,
Part II.), factories, or buildings erected for military purposes. The struc-

tures selected for consideration will be those intended for private use or for

strictly public purposes.

I. Types of Dwellings.

The art of construction is traceable to practically similar beginnings
among all peoples. While it is doubtless true that primitive man found
frequent .shelter in caves, in hollow trees, and in thick underbrush, as do
many of the lower animals, it is equally true that like the latter he is nat-

urally a home-building animal, and the instinct that Nature has so gen-
erally implanted in its animate creations finds in man, as do all the in-

stincts of the lower animals, a higher and an aesthetic development.

The earliest habitations of primitive man, such as caves, rock-shelters,

or grottos, need scarcely be considered in connection with our present sub-

ject, falling as they do more properly within the province of ethnology.

In historic times, among all races, in hyperborean latitudes as also in equa-

torial regions, the crudest human habitation specifically constructed as

such has taken the form of a hut.

The Tent, or movable domicile constructed by man in the nomadic and
pastoral stage of progress, is generally a prototype of the more permanent

dwellings constructed by the same races in their settled condition. In

fact, ethnological research has clearly indicated that the architecture of

any given people, as expressed in its temples and palaces, may be consid-

ered, both in its outward character and in its principle of construction, as

but the crudest form of the simple domicile developed to a stage commen-
surate with the national progress. The tent consisted in its simplest form

of a covering of skins or cloth stretched over a framework of cords and

poles and fastened tightly to the ground by pegs. From the earliest his-

toric times tents have been used for purposes of shelter. We read (Gen.

iv. 20) that Jabal " was the father of .such as dwell in tents and have cat-

tle." From the first their use has been associated with pastoral life, whose

requirements lead to frequent removals in search of water and pasturage.

The first tents were undoubtedly covered with skins (Ex. xxvi. 14), but

nearly all the tents mentioned in Scripture had coverings of woven goat's-

hair(Ex. xxxv. 26; xxxvi. 14), as have the tents now used in Western Asia;

hence it was that " the tents of Kedar " were "black " (Cant. i. 5).

Figure 5 {pi. 12) is a sketch of a tent as con.structed by tlie early

Hebrews. The square form, the perpendicular walls, the entrance, and

all its salient features, are traceable in the permanent structure {Jig. 4) of
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a later stage of development. Figure i (//. ii) is a sketch of an Assyrian

tent of a type which is represented on Assyrian sculptures found at Nine-

veh, and which is similar to those still in use in the East. This tent is

found reproduced in the more advanced Assyrian abode (//. 12, Jig. 3),

where the tent-poles have developed into pillars and the arched roof into a

cupola or dome. The patriarchal tents mentioned in the Bible were prob-

ably such as are now seen in Arabia, of oblong shape and 8 or 10 feet high

in the middle. The ordinary famih'-tent of the Arabs of modern times is

a ridged structure from 20 to 40 feet in length whose covering is a thick

felt of goat's-hair. It is divided into two apartments—one for the men,

and the other for the women. Figure 2 (//. 11) represents a Turkish tent,

whose salient features are traceable in the peculiar minarets of later Sara-

cenic and modern Russian dwellings (pi. i^^Jig. 6). The portable sum-
mer tent of the North American Indian tribes never reached a stage of

development more advanced than their permanent hut-shelter, or wigwam.
Their tents are constructed of a number of poles placed together in conical

form, fastened at the top, and covered with skins or the bark of trees {pi.

11, Jig. 6).

Huts.—The first permanent abodes constructed by men were huts, per-

haps partially sunk in the ground, the upper part being formed of posts,

which were co\ered with earth and leaves, while the rude walls of the in-

terior were covered with the skins of animals. Domiciles of a similar

character are still in use among races in the primitive stage, though their

details of construction, and naturally, also, their materials, vary with cli-

matic and local conditions. On Plate 11 we have a number of huts as con-

structed b)' different races at similar stages of development in various parts

of the globe; the essential features of these dwellings will be found to

possess a marked similarity. Figure 3 is a Teutonic hut as constructed by

the earh' Gothic tribes when they ceased their migratory habits and be-

came sedentary. Figure 4 is a hut of scarcely more complicated construc-

tion, the habitation of the Slav of a comparatively recent period. Figure

5 represents a domicile inhabited by the populations of Celtic origin whom
Caesar found in the region which he termed Gaul; later historians refer to

structures of this kind as composing the villages of these early settlers.

Comparing these with the huts of contemporary barbarian races, we find

the same characteristics as those before noted. These are traceable in the

wigwam of the Pequod Indian {fig. 7), in the thatched hut of the South

African (fig. 11), and in the similar habitation of the sedentary Laplander

KfiS- 9)- I'l this connection may be noted the cliff-dwellings of South-

western Colorado and the adjacent Territories (fig. 8) and the well-advanced

and highly-interesting structures of the pueblo Indians, whose communal
dwellings (fig. 10), consisting of an extensive aggregation of chambers en-

closed by walls of sundried bricks or adobes, have some claims to consid-

eration as specimens of architecture.

Egyptian and Soudanese.—The earliest developed architecture of which
there are authentic records was that of the Egyptians. The general plan
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of their structures was uaturally detenuined by climatic conditions, and
the details expressed the simplicity of their requirements in the rigid form
of the stony materials at hand. The Egyptian required his dwelling not
so much as a protection from wind and rain as for a storehouse for his

goods and as a shelter for his family. The private dwelling was therefore

of very simple construction, the walls being composed merely of lattice-

work and of tiles of Nile clay. The separate premises were defined by
walled enclosures, the larger part of the space being occupied by an open
court, and the various rooms being built against the inner side of the walls.

The house was generally of two stories, the lower for sleeping-rooms, while

the upper was left open to the sky. Diodorus speaks of four- and five-storied

houses, but these were rare exceptions. Figure i {pi. 12), delineated ac-

cording to his description, is a sketch of an Egyptian dwelling of the bet-

ter class. The Soudanese house {fig. 2) naturally partakes of the plan of

its Egyptian neighbor, and has a marked resemblance to it in its general

outlines.

Assyrian.—The dwellings of the Assyrians in the early stage of their

development were small dome-shaped brick huts which received light only

through the open door, and which were surrounded by a wall enclosing a

small court. From the surrounding wall of this court was developed the

old Asiatic house, which finally expanded to the proportion of a comfort-

able dwelling, as seen in Figure 3. Over the chambers which fronted the

court there was carried a flat roof, which in favorable seasons was occupied

during the day, and which by the wealthy was covered by an awning.

Houses of more than one story were comparatively frequent.

Hcbrczv.—The dwellings of the Hebrews were similar in their con-

struction to those of the Assyrians. They were originally brick huts having

a walled court in front, and were used mostly for the storage of goods, and

rarely as a shelter. The flat roof of the court was the usual abode of the

family. To prevent accidents, the law required the roof to be surrounded

by a railing, as seen in the illustration {fig. 4.)

PIiLcnician.—The dwellings of the Phcenicians were similar to those

of the Hebrews. In the cities, houses of several stories were common.

In the more considerable dwelling {fig. 6), the simple upper room be-

came, by the addition of others, a second dwelling, of lighter construc-

tion than the ground story, and the flat roof furnished an open place of

resort.

Greek.—The early dwelling of the Greeks was simple in the extreme.

Traced to its original form, it consists of a court surrounded by a wall and

containing a hut. In its more advanced stage {fig. 8), and especially in

city houses, the ancient wall of the court became the proper wall of the

structure. The dwellings were mostly closed toward the outside, the only

openings being lofty barred apertures, or peepholes, which afforded only

scanty supplies of light.

Etruscan.—The Etruscans, about whom little is known save what is

seen in the remains of their huge structures of stone, built their dwellings
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of that material. It appears that little provision was made for the entrance

of light. The door resembles that of the Egyptian and Pernvian dwell-

ing. Figure 7 (//. 12) is a sketch of a late Etruscan dwelling in which the

slanting roof had become a marked feature.

Roman.—The primitive Roman dwelling consisted of a single apart-

ment built of latticed work and thatched with straw. The domestic archi-

tecture of a later time {fig. 9) was entirely different, and, though still bear-

ing traces of the original design, the effect of Greek influence transmitted

to the Romans through the Etruscans is generally traceable.

ByzcDitine.—In the dwellings of the Byzantine period the influence

of Greek forms remained paramount. The general plan and arrangement

of the dwellings {Jig. 10), though partaking much of Roman models, was

still Greek in character, and more frequently expressive of Oriental than

of Western peculiarities.

Aztec.—The dwellings of the poorer classes among the ancient Mexi-

cans were constructed chiefly of reeds and mud. Those of the nobles

were built of stone, though they were rarely of more than one story.

Figure i (//. 13) is a sketch of an Aztec dwelling showing characteristic

methods of construction. The walls slanted inward, and the ceilings

consisted of a conical arch cut off at the top in a horizontal plane.

Peruvian.—The dwellings of the ancient Peruvians {fig. 2), which were

also generally of one story, were built of porphyry or granite, or of brick

of large size and of an unusual degree of hardness. The walls were of

great thickness, though they were seldom more than 12 or 14 feet in height;

as they were unprovided with windows, the light was admitted by the door-

ways, the sides of which (as in the Egyptian dwelling,//. 12^ fig. i) ap-

proached each other toward the top as seen in the illustration. The roofs

were composed of perishable materials, such as wood and straw.

Chinese andJapanese.—The dwelling of the average Chinaman is a sim-

plified form of the somewhat fantastic and highly ornate structures whose

characteristic details are so well known. In the country districts, the

houses (//. 13, fig. 3) are usually of one story with high gable roofs thatched

with straw; the walls are constructed of lattice-work more or less closely

woven together, according to the latitude and the consequent climatic con-

ditions. Houses of more than two stories are numerous, and are generally

arranged with a very low first story, usually devoted to sheltering domes-

tic animals, and with verandas on the level of the upper stories. The
houses of the Japanese are generally of one story; they are not high, and

are made entirely of wood; they are sometimes plastered on the outside

with clay; they are provided with galleries, overhanging roofs, or with

broad projections of fine lattice-work.

Hindu.—The orio-inal dwellings of the Hindus were constructed more

particularly for the purpose of merely furnishing shade, and for a long

period they were either airy tents or bamboo huts. In an advanced stage,

they consisted of a court surrounded by rooms lighted by the entrance;

they had projecting roofs resting on pillars, and an open portico around
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the courtyard. Houses of more than one story (//. 13,7?^. 4) consisted

above of light balconies, verandas, etc.

Persian.—The dwelling of the Persian {Jig. 5) was a tent-like structure

with a single apartment, and, except in its architectural features, differed

little from the Assyrian habitation.

Romanesque.—The dwellings of the Romanesque period, of which Fig-

ure 7—a wing of a group of partly-detached houses— is a fair example as

regards architectural form, were expressive of Teutonic origin modified by
Latin influences. The high gables of the Gothic style were replaced to a

greater or less extent by forms more nearly horizontal, and the methods of

construction varied in different localities only so far as the local conditions

and materials determined. A combination of timber and stone in the struc-

ture of the walls was widely prevalent.

MedicBval.—In the Middle Ages, the Gothic methods of construction,

depending largely upon timber groining, became widely diffused through-

out Europe. In various districts, the original arrangement of the dwell-

ing was modified by foreign influences, Norman, Byzantine, and Roman
methods of construction being variously adopted. Figure 8 shows the

result of a mixture of the Romanesque and Gothic methods, the lower

story being of stone and the upper of timber, the high saddle-roof giving

the most definite characteristic to the combination.

Renaissance.—Following the full development of the Gothic styles

came the modernized revival of classic forms and of ancient methods

of construction. The engrafting of the old styles upon those of later

requirements resulted in a commingling of Greek and Gothic forms to

which the name of "Renaissance" was given. A characteristic example

of this style is shown in Figure 9.

2. Modern Private Buildings.

Detached Houses: Dresden Villa.—In erections intended for private

dwellings, the most marked differences occur not only from the influences

of climate and nationality, but also from the circumstances and taste of

the individual proprietor or tenant. The differences arising from national

peculiarities are less strikingly exhibited in the more luxurious and elabo-

rate style of buildings than in those of a more inexpensive character. As

these elegant abodes seem to mark a sort of dividing-line between domes-

tic architecture and the great edifices prepared for grand memorial or rep-

resentative public functions, only a single example will be taken (//. 14,

figs. 1-3). This luxurious private residence, or villa, stands alone, and is

intended to be used as the dwelling of one family. The principal rooms

—

which are intended for reception and domestic purposes—are upon the first

story, bed-chambers and spare-rooms are upon the second story, and the

kitchen and its appurtenances are in the basement. It must be noted

that the villa usually stands at some distance from the street or road, with

a garden ground in front to heighten the picturesque effect of the edifice.

The chief entrance door is generally in one of the side fronts. The ex-
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ample (//. i^.Jig. i)—a villa in the Parkstrasse in Dresden, built by A.

Hauschild, architect^exhibits the peculiarities of this st\ie of residence

in a handsome and characteristic manner. A wrought-iron railing of artis-

tic design separates the grounds from the street, and the visitor approaches

through a gate by a flagstone path leading to the entrance door of the

house, before which stands a flight of steps and a lightly built glass-cov-

ered porte-coclicrc.

In the house itself the visitor is received first upon the ground floor,

parterre^ or first story {fig. 2), in a small entrance hall or platform (i?), and

from this proceeds into an elegant octagonal vestibule (/;) lighted from

above. A door at the left leads to the reception-room (r), which communi-
cates with the salon, or parlor {d), and through this with the ladies' room

(f). A passage-way {g) contains a small stairway leading both to the base-

ment and to the upper floor; it also makes a connection on the ground floor

with the bed-chamber {^f) and gentlemen's room(/), next to which is the

small smoking-room {k). The room {in) in the middle at the rear is the

dining-room; the one (/) next to it is the pantry, with closet and dumb-
waiter. A connecting passage {6) unites the vestibule with the stairway

to the basement. The front of the salon, which is toward the street, opens

upon a gallery, or loggia, for pictures. The side-rooms—that is, the recep-

tion-room {c) and the ladies' room {/)—have bays, also fronting the street.

At the rear the dining-room (w) opens upon a covered terrace (;/). The
door at the right in the vestibule leads to the stairway (^), which connects

with the basement and with the upper floor.

In the plan of the upper floor {fig. 3), the visitor ascending the stair-

way arrives at the landing («), which is lighted from above and has a large

glazed opening in the floor, to transmit light to the vestibule on the lower

floor. The remaining apartments are—room (/;) for guests, billiard-room

(r), gallery, or loggia {d)^ living-rooms (/"). The passages and pantries cor-

respond with those on the floor below; n is a stairway to the attic; r and
J are balconies over the bays. In the basement, the kitchen lies directly

imder the dining-room and the terrace; next comes the servants' room; at

the left in front is the bath-room and at the right in front is the janitor's

room; at the left in the middle is amangling-room and under the salon is

a cellar. Besides the main building, there are also two side-buildings 58^/2

feet long and igj^ feet wide {fig. i). In the one at the right are the por-

ter's room, stabling for three horses, coach-house, and harness-room; in the

building at the left are the laundry and the conservatory.

German City Residences.—The usual style of city dwelling-house dif-

fers from the villa not only in the plainer fittings, but also in having a

smaller number of rooms. These dwelling-houses do not often stand alone,

being usually built in rows, and are frequently arranged for the accommo-
dation of several families. No universal model can be selected for the

German residence, as it is strongly influenced by the marked individuality

of the nation; but a very usual type contains a salon, or parlor, large liv-

ing-room, dining-room, room for the master of the house with a study or
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library, room for the mistress, a nurserj-, three bed-rooms, a spare-room
with an alcove, wardrobe, kitchen, servants' room, store-room, and two
water-closets. In less expensive residences, some of these rooms are
omitted. As a rnle, a dwelling of this kind is npon a single floor; or the
floor may be divided into two dwellings. Each dwelling is usually pro-
vided with an entrance or ante-room which may be locked, so that the
whole is controlled by this one fastening

Berlin DiaeHii/g.—An exception to the above will be found in the
larger dwellings (//. 14, Jigs. 4-7), in which there is another staircase,
necessitating a second entrance. This stairway is seen at m in the plan
of the ground floor. This house was erected by the government architect
Adler in the Dorotheenstrasse in Berlin; it is built in on both sides and
has an additional wing. Figure 4 exhibits the handsome facjade; Figure

5 shows the ground-plan of the lower floor. The plan of the other story
is seen in Figure 6; the wing belonging to Figure 6 is shown in Figure 7.

On the lower floor {Jig. 5) are shown the entry, or hall (a); chief stairway

[0); kitchen (/!); a small staircase leading to the servants' room above (/);

sleeping-room {g); corridor (;/); and living- and reception-rooms {d, c, J).
The arrangement on the second floor is the same, except that at/is arranged
a larger salon.

French City Residences.—In French houses of this style, particularly

in Paris, there is a separate dwelling on each floor, as in the German model,
or occasionally two small ones; but the national customs make them essen-

tially unlike in some of the arrangements. Thus the living-room in the

German sense is entirely wanting, its place being partly supplied by the

salon, or drawing-room, but chiefly by the more elaborately adorned bed-

room. On the other hand, the French house always has a dining-room,

which, however, frequenth- serves as a second ante-room. The dining-

room and the salon are also so placed as to be directly accessible from the

ante-room proper. In the more elegantly appointed dwellings, pantries,

toilet-rooms, etc., are added.

Paris Dwelling-house.—Figures 8 to 11 show the fagade and ground-

plan of a dwelling-house on the Boulevard Sebastopol, Paris, built by
Garnier and Coulon. The ground floor, or lower story {Jig. 9), is fitted

lip, as usual, for shops, store-rooms being in the low story which stands

immediately above. This second story—intended for offices and store-

rooms—is known as the entresol; the floor immediately above it—being,

in fact, the third floor of the house—is known as the first story, being the

handsomest flat or dwellino- in the buildinsf. Each of the other three

upper floors contains two smaller dwellings. Figure 11 is the ground-plan

of this principal dwelling, or flat. In Figure 9, the plan of the ground

floor shows the main stairway {a)\ staircase (/') for the entresol^ or second

story; stairs {c) to basement; stairs {d) to the topmost story; opening {e)

to light the basement; glass plates (/) for the same purpose; shop-counters

{g)] cases (//); show-windows {i); raised seat {k)\ and gas-meter (w). Fig-

ure 10 shows a and b as before; store-rooms (r, c)\ depot (</); and room [e) for
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the concierge^ or janitor. Figure ii (//. 14) shows the ante-room (/); salon

{g)\ eating-room (//); bed-room (/); servants' hall(y); kitchen (/!-); and office

(/). The smaller dwellings in the upper floors have an entrance, eating-

room, bedchamber, servants' room, and kitchen, the best houses having a

salon also. The facade, shown in Figure 8, will assist in the explanation

of this characteristic interior arrangement.

English City DiveUing-hoitscs.—In England the dwelling-houses, even

when consisting of several stories, are adapted for the use of one family

only; this is accounted for by the national fondness for private family life.

As the lots of ground in the large cities, particularly in London, are gen-

erally reckoned by the frontage, which is very expensive, this width is.

usually reduced to a minimum of from 23 to 28 feet. The house extends

back into the lot, and the number of stories is increased as seen in Figure 12.

To lessen the inconvenience which arises from placing the various necessary

rooms upon several stories, these stories are made low, the usual height

being from 8 to 11 feet. In front of each residence there is arranged a small

depressed space, or area, which is reached from the pavement of the street

by a short flight of steps. This open space is intended to afford light and

air to the basement. In the latter are the housekeeping- and store-rooms,

with the kitchen, and, when needed, a room for the housekeeper. There

may also be added a room for the butler. Figures 12 to 18 show the pecu-

liar arrangements of dwellings of this kind.

The basement {^fig. 13) contains the entry {a)\ housekeeper's room (^);

wine-cellar (c); stairs (a^); butler's room(£'); laundry (/"); kitchen {g)\ yard

(//); store-room (/); servants' room (/('); cabinet or closets (/); the area (w) in

front of the house; steps (;/) to same from the street pavement; coal-cellars

(p), with opening for filling from the pavement; water-closet with reservoir

(/); stable (q)\ carriage-house (;); and stairs {s) to a low upper story imme-
diately above. This upper story i^fig. 15) contains the hay-loft {a)\ water-

closet {b)\ coachman's room {c)\ valet's room (d)\ and stairs (<?). The
ground story, or first floor, of the house {fig. 14) contains the vestibule {a)\

entry ((^i); hall (r); stairs (rf); dining-room {c)\ library (y^); room {g) for

the master of the house; and yard (//). The next stor>' above (y?^. 16), or

second story from the pavement, contains the parlors, drawing-rooms, or

salons (rt-, b)\ greenhouse (f); and stairs id'). The upper stories [fig. 17)

contain the toilet-room {a) and bed-rooms (^, c). Figure 18 exhibits the

attic: sleeping-rooms (a, 3, c)\ stairs (a'); and tank, or reservoir (c).

American Dwellings.—In the United States, private residences are ex-

ceedingly varied. In the Northern States, the old farmhouse which, with

its huge chimney in the centre, its spacious garret, low ceilings, dark wind-

ing stairs, and contracted halls, was inherited from English ancestors, has

of late years been opened to fresh breezes and wholesome sunshine, and
makes a useful typical dwelling, especially as diversified by the revival of

the "Queen Anne" styles of decoration, which by their very excesses have

cultivated the national taste for individual peculiarities both in form and
in color.
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The primitive double house was also exceedingly convenient. The
wide hall traversing the centre from front to rear opened on one side into

a spacious parlor, while on the other side the same space was divided into

a sitting-room and a dining-room, with an ample extension behind for

kitchen and scullery. A second story was divided into square bed-rooms,
aud a half-story, or attic, furnished convenient space for storage.

The Log Cabin of the original settler supplied a substantial abode, warm
in winter and cool in summer, which, with the addition of rustic porches
or long verandas, harmonized well with surrounding forest-scenery. The
frame or weather-boarded house which succeeded it, although meagre and
angular in its plainer forms, is susceptible of artistic ornamentation and
architectural beauty.

Some portions of the country were for a considerable period influenced

bv an admiration for the severe outlines of Greek architecture, and a laree

number of handsome private residences were erected upon the tvpe of the

Doric and Corinthian temple, making a stately dwelling particularly suited

to southern latitudes on account of the high ceilings and lofty porticos.

Spanish and Italian architectural ideas ha\-e also extensively prevailed in

the South, where in many cases all the labors of kitchen and laundry are

performed in outside buildings erected for the purpose.

In districts where the effect of heavy snow-storms must be considered,

the steep roof is preferred, and there the Dutch and the English types pre-

vail, modified and modernized by the addition of turrets, bow-windows,

aud decorated facades. The remarkable and rapid substitution of fanciful

devices for the rectangular original forms received an impulse from the

numerous graceful Swiss-Gothic pavilions built for the Centennial Exhi-

bition of 1876; these are particularly applicable to frame structures, to

which the newly-invented machine carvings and mouldings add economic

decoration, with the addition of terra-cotta mouldings, tinted tiles, and

colored glass. The tide of modern fashion toward seashore- and mountain-

resorts for summer sojourning has also given an immense impetus to the

erection of decorative cottages and the cheaper forms of architectural

design.

American City Houses in their interior arrangements, although English,

French, and German styles may be found, have generally been modified to

suit the national taste. Thus, in the ordinary three-storj' city residence

{pi. 15, fig. 2) always designed for the exclusive use of one family, the front

door opens upon a vestibule leading into a hall, at the back of which rises

an open stairway. On one side, at the front, is a large parlor, behind which

are a drawing-room, kitchen, and scullery. Upon the second story the

front is given to two bed-rooms, while over the dining-room and the

kitchen are a sitting-room, a store-room, and a bath-room. The upper

story is devoted to bed-rooms, tlie servants' room being in the topmost

storv, to which there is access by separate stairways from the kitchen.

Another style prevailing in some districts has on the ground floor a recep-

tion-room instead of a parlor, and on the second floor a large drawing-room
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and ante-cliamber, which furnish considerable space for social entertain-

ments, while bed-rooms, dressing-rooms, bath-rooms, etc., are placed on

upper stories. It may be remarked that bed-rooms are universally situated

at a distance from the kitchen and the dining-room, while elevators are

frequently introduced, to lessen the labor incident to the additional num-

ber of stories.

In many cities, very luxurious and extensive buildings have recently

been erected to supply a demand for residences in "flats;" but, while these

are welcomed as possessing certain advantages, the national taste undoubt-

edly prefers the residence adapted to the single family.

American Suburban Houses.—The diffusion of wealth throughout the

country is exhibited by the handsome urban and suburban residences {pi.

i6, Jig. i) built of more expensive materials. These assume numberless

variations of the Norman, Gothic, and Swiss models, the architects rivalling

one another in producing with astonishing fertility original designs for

each succeeding edifice, and in finding in the beautiful native marbles and

hard woods abundant supplies for unrivalled luxury and beauty of deco-

ration.

Houses for Workiiigmcn.—In all civilized countries efforts have been

made during the last few decades to build special dwellings for laboring-

people. Various plans have been adopted on a large scale for erecting such

dwellings, to be rented with the expectation that they will gradually be

purchased by the occupants. Some of these projects have proved only

partially successful because rents have not returned a suflBcient interest

on the money invested.

Tlic Society for Public Utility., founded in the year 1848 in Berlin, has

met with such discouragement. It was organized for the purpose of erecting

small dwellings in different parts of Berlin, and upon ground—known as the

Bremerhohe—purchased outside the city. The hotises in the latter district

were to be so rented that six per cent, was to be returned on the invested

capital, four per cent, to be paid to the stockholders and two per cent,

credited to the lessees; so that they would become the owners in a period

of thirty years. Although the idea has not been fully successful, many
persons, through the efforts of the society, have been provided with excel-

lent homes. The plan and elevation of one of these houses intended for two

families are given on Plate 14 {figs. 19, 20). The dwellings inside are not in

flats, but are side by side, and, as each has a separate entrance and stair-

way, the building is, in fact, a double house. The characteristic feature

of the plan is the combination of the entry and the kitchen; so that the

kitchen fireplace is directl}' in the hall. The entrance to the large living-

or sitting-room opens on one side from the kitchen, and on the other side

are the stairs leading to the bed-rooms on the floor above. Each house has

a small garden.

An undertaking of this kind projected at Miilhausen, in Alsatia, in

1853, by Jean Dollfuss and a company, has been perfectly successful. Each

family occupies a separate house, the ownership of which is acquired by
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gradual payments. Tlie houses, built entirely in the French style and
under French direction, either stand side by side in rows, so that every two
rows touch at the rear, or are combined in groups of four separate houses
under one roof upon a square, each fourth of the square constituting one
house with garden attached, as in Figure 25 {pi. 14). One of these, taken
from the group, is presented in Figures 21 to 24. It is 20>< feet long and
1%% feet deep. The general arrangement of the rooms is similar to that
already described in the Berlin house. On the first, or ground, floor {fig.
22) there is an entry serving also as a kitchen and a living-room. On the
second story {fig. 23) there are two bed-rooms. The garret {fig. 24) is

used as a repository, or loft, being purposely built too low for a sleeping-
room. Each house has a cellar 6 feet deep. The height of the ceiling Tn
the first and second story is 9 feet in the clear. The privy is built at the
side, and is accessible from the outside only; it touches the neighboring
one, and has a well in common. The facade {fig. 21) is so simple as to

require no explanation. Similar houses have been built in Geisenlingen,
Wiirtemberg.

English JIm-khigtnen's Houses.—In England, the houses for working-
men have received much attention, and enormous sums have been ex-
pended upon their creation ; but there have been attempted no plans by
which the tenant can become owner. Figures 26 to 28 give the perspec-
tive, ground-plan, and sectional view ofa house built to contain two dwell-

ings. Each dwelling has two rooms on the ground floor, one intended for

a combined living-room and kitchen, and the other for a bed-room. Be-
sides the entry, there are a store-room, or closet, and the stairway leading

to the sleeping-rooms on the upper story. The exterior of these houses

is picturesque and pleasing both from the peculiar Gothic style of archi-

tecture and from the manner in which the two houses are grouped.

American IVorkingmen' s Houses.—The English factory-operative's

home is typical of the English workingman's order of being; so, too, with

the homes of the French, the German, and the Belgian operatives respect-

ively. In x\inerica the operatives of one nationality are not kept long

enough to develop a type; and yet, when the operative of this country

steps out of the boarding- or the tenement-house, he steps into an individ-

ual home whose equal cannot be found in the factory towns of the Old

World. The cottage of the American workingman {pi. i^,fig. 5) usually

has a few thousand feet of land about it, and it is so located and constructed

as to exhibit a pleasing style of architecture, with an excellent interior

arrangement and finish.

In American cities, small and inexpensive residences {fig. 1) have

received much attention, and the immense cheapening of convenient

adjuncts is nowhere seen to greater advantage. In very cheap dwellings a

hall, or entry, runs through the house, while a neat parlor is arranged in

the front, even when economy of space requires the use of the same apart-

ment for dining-room and kitchen. The small but eflfective range and sink

allow great neatness of finish to the kitchen, and hot water and cold water
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are supplied to a bath-room in the second story. A cellar furnace for heat-

ing the house with warm air, the introduction of gas, the use of dumb-

waiters and speaking-tubes, and the excellent and cheap wall-papers render

these residences not only neat, but also very convenient.

American Building Associations.—In the United States, the operations

of building and loan associations, which have attained great magnitude,

have exerted an important influence in facilitating the acquisition of homes

by thrifty and industrious persons. It was estimated in 1888 that there

were then in this country at least 5000 such bodies, with a membership of

600,000 and an aggregate capital of $750,000,000. Their offices were located

in numerous States, in some of which their establishment is of compara-

tively recent date; but there are a few commonwealths in which unwise or

unfavorable legislation, antagonistic judicial decisions, or disastrous results

in particular instances have had a tendency to check their growth.

First Organization^ Operation.^ and Alembership.—The first American

organization of the kind was started in Philadelphia in 1846; since that

time many others have been organized in that city. In 1S88 their number
was estimated at more than 600, with an aggregate capital of $100,000,000,

and it was alleged that during a series of years 60,000 persons had been

aided in procuring homes. Of the operations of fift\--one associations in

Massachusetts, it was recently reported that there was a membership of

20,735, of whom 3797 were borrowers, and that more than 3000 members
had been aided by loans in building or in purchasing houses. A similar

relation between the number of borrowing and lending members presum-

ably exists in other States, but there have been notable variations in the

percentages of members who have endeavored to acquire homes, and in

the degree of success or of failure which has attended the operations of dif-

ferent associations.

There are dangers to be encountered as well as benefits to be derived;

but of the general system, when properly applied, it has been forcibly said

that it is the grandest, simplest, and most successful plan of co-operation

ever made practicable in the two hemispheres.

Privileges ofMembers.—It is optional with members whether they use

their share of the money, saved or accumulated, in purchasing dwellings

or for other purposes; and in the numerous cases in which funds borrowed

from building as.sociations are used to acquire homes, complete freedom of

action is usually allowed in the selection of the buildings purchased, pro-

vided sufficient security, in combination with other things, is furnished for

the loans granted. A large proportion of the members of many of the asso-

ciations join them with little or no intention of borrowing money or of

purchasing buildings. The chief object of this class is to participate in a

financial scheme which presumably offers special advantages for the rapid

accumulation of small savings by promptly lending them at a high rate of

interest to borrowing members, each of whom, in turn, enjoys a share of

the profits derived from all other borrowing members, and is also benefited

by the privilege of rapidly and steadily diminishing his indebtedness by
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making numerous small payments. There is considerable variation in the
details of the modes of procedure adopted in different cities and States, Ss
well as in the systems pursued by the societies of a given city; and the
legislation affecting this subject, as well as the prevailing practice, is occa-
sionally changed.

The Advantages of Building-association Loans to the borrower, and
their utility in promoting the purchase of homes, hinge largely on the
fact that the basis of a loan may be established by a few small payments,
and that indebtedness may be liquidated by having its burden distributed

evenly over a large number of weeks or months, under conditions that

encourage or necessitate the adoption of economical habits.

Accessory Stritctures of Dzcellings.—Among the accessories of dwelling-

houses may be enumerated accommodations for horses, dogs, chickens, and
pigeons; also coach-houses, storage for fuel, laundries, green-houses, arbors,

verandas, fountains, etc. Some of these contain no features requiring illus-

tration, and but two examples will be given—the green-house (//. 14,

figs. 29, 30) and the garden-seat {fig. 35). The former, which belongs to

a private property in Berlin, is remarkable not only for the graceful design

of its exterior, but also for its complete furnishing. It contains six divis-

ions, or compartments (ground-plan,y?^. 30). Three of these lie on a lower

level and are covered by an inclined glass roof. The middle part of the

upper building has also a glass roof as well as a glazed front. These glazed

roofs and walls have skeleton frameworks of iron, not only to increase their

strength, but also to obviate obstruction of light. The glazed surfaces are

covered with mats, wooden shutters, rolling curtains, and other similar

contrivances, to protect the plants from the direct rays of the sun and from

the cold of winter. These glazed surfaces should always, if possible, face

toward the south. It should be remembered that different varieties of

plants require different degrees of heat and demand different compartments

{fig. 30); among these maybe distinguished the cool-house, the hot-house,

and the forcing-room. The first, which is used to protect plants in win-

ter, is not warmed artificially, but is sunk about 6j'< feet into the earth, to

prevent injury from frost. The hot-houses are artificially heated; this is

generally done by a low-pressure water-heating apparatus with copper tub-

ing, or by warm air. Final!}-, the forcing-houses are intended for exotic

plants, for ripening vegetables, and for forcing flowers to bloom out of sea-

son. The high temperature which is here required is frequently obtained

by high-pressure water heating. The chimneys which are inseparable

from the heating apparatus are seen in the illustration towering like obe-

lisks at each side of the building. The ornamental seat {fig. 35), which

belongs to the class of accessory structures erected in the gardens of villas

under trees or to command an extended view or landscape, is frequently

made of stone, and a trellis of vines is often placed over it, with picturesque

effects of statues, vases, and flights of steps.

Interiors ofHouses: //rt-//.—Great variety is also found in the individual

rooms and other arrangements of dwelling-houses, a few leading character-
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istics of which will be seen iu the illustrations. Figure 31 {pi. 14) shows the

design of a hall or entry in a private residence in Berlin. Where the

dwelling stands in a row of houses, the hall is preferably placed in the

middle or at one end of the facade. As the doors generally stand open, a

pleasing vista is arranged toward the garden. When the hall is used for

the passage of the house, a wooden flooring is recommended. The height

must depend upon that of the first story, but the example shows that great

elegance of design is here possible. A notable improvement in the plan

of the interior of the better class of American dwellings is the importance

given to the entrance-hall [pi. 16, _/f^. 3). In the most recent suburban

residences the hall is spacious enough to permit of its being used as an

ante-chamber or reception-room.

Parlor.—The embellishments of the salon, or parlor, which depend upon

the taste of the owner, are generally the handsomest in the house, not only

in the adornment of the walls, ceilings, and floors, but also in the furniture,

hangings, etc. (_fig. 2). In the salon of a villa in Potsdam (//. 14, _/?^. 32)

the walls have a richly-moulded cornice and are divided into panels. The
windows are built out. The illustration shows the large recess enclosed

with pilasters and having a straight ceiling; the curtains are double, white

lace hanging below, with woollen material above and a lambrequin stretched

across the top. The size of such a room is generally from 325 to 525 square

feet of area, and from 11^2 to 13 feet in the clear for height.

Study.—An example of a handsomely-furnished study is given in Fig-

ure 33. Such an apartment frequently contains an area of from 215 to 323

square feet, and is often provided with an accompanying cabinet, which

serves as library, sleeping-room, or dressing-room. The study may have

shelves for models, statuary, lamps, etc., according to taste, and the gen-

eral furnishings should be of a heavy and solid character. The study and

the library in American houses are usually combined. As with the parlor

or drawing-room, the widest latitude is permissible in this apartment for

the exhibition of taste in decorative effects.

Bath-rooms.—The bath-room in dwelling-hoiises is generally very sim-

ple in its arrangement, but it is well to paint the walls and ceilings in

oil-color, and to have a floor of stone or of tiles. The great variety of ele-

gant decoration allowed in bath-rooms is of much importance, and the use

of illuminated tiles admits of any expense or richness of decoration desired.

The bath itself may be a ?inc tub or a basin set in brick with cement, and

lined with white glazed tiles. In German residences it is generally sunk

in the floor, and is 53-^ feet long in the clear on the bottom, 2 feet wide, and

2 '4 feet deep, with pipes for hot and cold water and a drain for waste water.

The room and the water are frequently heated by a sort of water stove, un-

less it is preferred to have a special heater for each purpose {pi. 10, Jig. 21).

The bath-room in the best class of American dwellings contains a porcelain-

lined bath-tub, foot-bath, washstand, and water-closet {pi. 16, fig. 4).

Figure 34 (//. 14) is a sumptuous bath-room in the Oriental manner.

It is on the ground floor of the palace built by Prince Albert of Prussia
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near Dresden, and was designed by the late architect \'on Diebitsch, cele-

brated for his work in the Moorish style. The bath-tnb is constructed of
a greenish-brown marble, and six slender columns support above it a 'can-
opy of richly-colored ornamentation. The walls are decorated to resemble
tapestry in the same style.

U'atcr-doscts.—Vx^ViX^ 36 {pi. 14) shows the ordinar}- fittings for water-
closets. The parts are the basin or fixnnel {a\ and the soil-pipe {b), with
the connecting piece belonging to it, or drain {c). These may be con-
structed of various materials, such as well-glazed clay, burnt tile, cement,
asphalt, lead, zinc, cast iron, or wood saturated with pitch. The cross-section

of the pipes made of these materials is circular in all cases except when
wood is employed, and the joints are tightened with cement and oakum.
A pipe of this kind may serve for several water-closets situated side bv
side, or built one above another. The water-trap is set to prevent the foul

gases from rising from the pipe, the long end of the pipe being curved

upward as at d or an immovable pan (e) is hung under the opening
of the pipe. The English water-closets (vertical .section, fig. 37) are on

the same principle. The arrangement is essentially as follows: The seat

{a) is provided with a well-fitting lid, and the basin {b) is of stoneware,

porcelain, or enamelled cast iron, closed below by a copper pan {c). This

pan, which works on a hinge, is kept in the horizontal position by a

counterweight; it is pressed downward in the direction of the dotted line

by the weight of the voided matters, and when thus emptied is raised

again by the counterpoise. Waste water collecting in the bottom of the

pan makes a trap to prevent the ascent of the gases. A second water-trap

{e) is seen below the iron funnel (^/). The waste matters are carried to the

well through the soil-pipe. The water is brought from an elevated tank

to the upper part of the basin by the pipeyi and is controlled by the valve

g. The water, flowing in under strong pressure, strikes against a plate

and is forced to spread itself o\er the basin, which is thus cleansed. The
valve can be operated by mechanism or by the hand. The tendency of late

has been in the direction of doing away as far as possible with enclosed or

boxed-in fixtures of this class. The most improved closets are made, as to

body and seal, of a single piece of porcelain standing free in the apartment

{pLi^.fig. 6).

2. Public Buildings.

Classification.—Public buildings are devoted either to humane objects

in a general sense, such as the fostering and education of children, the care

of the poor and the sick, the administration of justice, or to such works of

public utility as business intercourse, recreation, refreshment, etc. To the

first class belong schools, exhibition buildings, public libraries and read-

ing-rooms, hospitals, court-houses, penitentaries, etc. To the second class

may be assigned business exchanges, custom-houses, the fire departments,

markets, halls of amusement, washing and bathing establishments, etc.

Examples of these buildings are given on the Plates.

Vol. v.—9
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Buildingsfor Education and Training.—With the advance of civiliza-

tion, buildings devoted to purposes of public utility are rapidly increasing

in number, especially those designed for the protection and instruction of

vouth. For )-oung children who cannot be cared for in the family there

are various establishments, such as orphan-asylums, foster-homes, day-nur-

series, and kindergartens, where the attention to physical needs is gener-

ally combined in some degree with elementary mental training.

Dav-Nurseries are usually founded and supported by associations, gen-

erally societies of women, and have the special object of receiving infants

deprived of the mother's care, or the verj' young children of women who
are compelled to earn their living away from home. This care is usually

given without charge, or a small sum is paid by the mother for the shelter

of the infant during the hours when she is away at work. Food, enter-

tainment, and instruction are graded to the requirements of the child, and

the perils of neglect are thus avoided. In large cities it is found desirable

to increase the number of these institutions, and to scatter them among
the neighborhoods where they are most needed, as experience indicates

that small establishments of this kind can be more thoroughly cared for

than those of great extent. Figures i and 2 {pi. 17) give the exterior and

ground-plan of a moderately-sized example of a day-nursery in Frankfort-

on-the-Main. On the ground floor there are two large apartments {a, rt);

the necessary hall and passage-ways (^, b) ; a wardrobe (r); a spare-room {d)\

a wash-room {e)\ and a kitchen, privy, and stairs. The upper floor con-

tains living- and sleeping-rooms. The exterior of the building {fig. i) is

attractive; garret accommodation is furnished in the arrangement of the

gables with steep roof Such institutions should stand alone, or so that a

garden can be attached.

German School-buildings.—In Gemiany, the buildings or schools de-

voted exclusively to mental training are usually divided into three classes

—the elementary or common schools, the intermediate, and the high

schools or universities. The elements of a general education are taught in

the elementary schools, which include country, free, district, and grammar
schools. In the intermediate grade, embracing the gymnasia and techni-

cal schools, the education is carried on farther as a preparation for the

academies and universities. In the latter, special departments of purely

scientific, technical, and artistic knowledge are provided. Figures 3 and

4 give an example of a village school in Germany; Figures 5 and 6 .show

a district school; and Figures 7 and 8 a technical school.

Village School and Teacher'' s Dwelling.—The size and arrangement of

the rooms in the village school depend upon the number of scholars, it be-

ing considered that a single class must not contain more than one hundred

pupils. Thus village schools generally vary from one to four classes, with

one or two dwellings for the accommodation of the teachers in charge.

The necessity for furnishing the teacher a dwelling in the country schools

arises from the fact that the small compensation he receives compels him
to forego many of the pleasures of life, and to seek recreation in the domes-
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tic circle. The simplest arrangement of this kind for small and poor com-
munities is the single-class house and teacher's dwelling. Figures 3 and
4 (//. 17) give the exterior and ground-plan of one at Neuhofen in Prussia.

The edifice, simple on the outside, but built in a suitable style, has a tur-

ret for the bell and a small vestibule. At the left of the passage {li) is the
large class-room {a), intended to accommodate one hundred pupils; it con-
tains an elevated desk for the teacher. At the right of the passage is the
teacher's family- or living-room (r); in the rear is a smaller room {d) that

can be used as a study. The kitchen is atyj store-room at g^ and a small

connecting passage or hall at //. The bed-rooms are in the upper storv,

and the privies for the school and the dwelling are on the outside of the

house.

The District Schools of Germany occupy an intermediate position be-

tween the free and the grammar schools, and are intended for the children

of persons of limited means. The chief difference between them and the

free schools is that in the district school a moderate sum is charged for

tuition, the arrangements are more like those of the grammar schools, and
they are in many cases identical.

Dresden District Scliool.—Figure 5 is an exterior view of a district or

parish school, and Figure 6 is the ground-plan. This school is in the Pill-

nitzer Strasse in Dresden, and was built (1867-1868) by the City Board of

Works. By a peculiar arrangement, the staircases and privies are made
double, so as to divide the building into a boys' and girls' department,

while 3II that is common to both schools is in the middle of the building.

The four gable-ends are constructed without windows, so that the light

may enter the school-room from but one direction. The building contains

accommodations for eight classes of boys and eight classes of girls, six

being in each of the wings and four in the front part of the ground floor

and second story of the main building. The third story of the latter is

occupied by the dwelling of the principal, while the rear part of the main

building on the ground floor is reserved for rooms for the janitor, and on

the second floor for business-rooms and a store-room for school supplies.

The arrangement for the ventilation of the class-rooms, which is connected

with a hot-air heating apparatus, is very effective.

Chemnitz Technical School.—The technical schools are modern institu-

tions restricted rather to the arts and sciences than to the professional or

liberal branches, and are intended as a preparation for the high schools,

Polytechnic, and universities. The example in Figures 7 and 8 was built

(1868-1869) on the Reitbahn Strasse in Chemnitz by the City Board ofWorks.

Figure 8 shows the perspective of the exterior, and Figure 7 the ground-

plan of the second stor>'. The latter has in the middle of the building

a grand central hall (<7) extending upward through both stories, being dis-

tinguished on the exterior by large windows and rich ornamentation. At

the rear, besides a grand double-headed stairway, there is a light-well {g).

On the right is a large room [b) for drawing, on the left the privies {h\ a

connecting passage (/), a lock-up, or safe (f), and at the rear face of the
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building the uiuseumsof natural historj' ((/, d). Finally, in the wings are

eight lecture-rooms (r, c) with corridors.

The ground floor of the building contains in the middle of the front an

open porch and a spacious vestibule, adjacent to which, on the right, are

the dwelling and office of the janitor. On the left is the physical de-

])artment, with the laboratory and the recitation-rooms for the classes in

physics, and also other class-rooms. In the right wing, next to the jani-

tor's apartments, are business-rooms for the teachers, a despatching-room,

and at the extreme right two more class-rooms like those upon the second

story. In the rear of the main building there are additional water-closets,

and under the museums of the second floor extend chemical class-rooms,

a small laboratory, and a museum. On the third story, at the rear, are

three library-rooms; a librarian's room stands over the safe, or lock-up,

and the other rooms correspond with those beneath. In the right wing
there is a large room for drawing, which is provided with cabinets at the

side for teachers and for drawing-utensils. In the basement, besides cel-

lars and storing-places for fuel, there are four heating chambers, in which

Kelling's heaters are used, combined with a system of ventilation.

A7)icrican School-buildiiigs.—The vast requirements of the free-school sys-

tem of the United States have led to the use of a great variety of buildings,

and in different sections they may be seen, from the long, low shed with a

row of single panes of glass set into the side walls without sashes, through

all grades of architectural device, to the ornate edifices resembling Nor-

man castles and Gothic cathedrals.

Girls' Normal School.—The type of a substantial and capacious build-

ing may be found in the Girls' Normal School, Philadelphia. The ground-

plan is a simple parallelogram with two halls, each i6 feet wide, crossing

the middle in both directions, with wide stairwa}-s at each end. Upon
each side of the longest hall are six class-rooms, 35 by 20 feet, the four

corner ones being slightl}- larger. Upon the second floor a similar hall

runs through the building, the entire space upon one side being devoted to

an assembly-room, 107 by 66 feet, containing at one side a raised platform 54
by 15 feet. A hall at right angles with the former, divides the remaining

space in the middle, having on each side cloak-rooms 5 by 13.6 feet, a

pupils' dressing-room, and a teachers' room 26 by 12 feet. Behind these

smaller apartments are class-rooms, three on each side. The third story

contains twelve class-rooms, repeating the plan of the first floor. The
building was erected at a cost of one hundred and seventy-five thousand

dollars.

The usual plan for arranging school-houses is substantially as follows:

A large assembly-room in a central position is surrounded by class-rooms,

with wide halls and stairways; for convenience and despatch, the cloak-

rooms are arranged beside the stairs. Heating is by hot air or steam, and

in the newer buildings much attention is paid to ventilation and plumbing.

Dwellings for teachers and janitors are never included in the school-houses,

and even in colleges and academies, where students are lodged and boarded,
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separate buildings are usually provided for the purposes of tuition, apart
from dormitories and eating-rooms.

Lcipsic Gymnasium.—Besides institutions devoted to mental trainino-,

those devoted to physical education deserve special attention. The
ground-plan {pi. \l,fig. 9) shows a gymnastic institute built at Leipsic,
at the expense of the city, from plans by Giese. The building con-
sists of a two-storied front building and the gymnasium hall itself, which
is surrounded by wide galleries. The letters on the ground-plan of the
first floor refer as follows: A, porch; R^ dressing-room; C, teachers' room;
D, writing-room; £", record-room; F, passage; G, privies; //, the part of
the hall under the galleries; /, open hall. In the front building are the
main stairs with a double head, and at the rear another stairway {o\ leading
to the gallery, with a room for storing apparatus beneath the stair. The
g}'mnastic appliances are a frame {d) for hanging-ladders, swinging-bars,
and see-saws; a frame {e) for climbing, with sixteen perpendicular and
eight diagonal bars, four climbing- and two rack-poles, four climbing- and
four stepping-ladders, two climbing-ropes, swinging-rings, and trapeze;

parallel bars {g)\ horizontal bars (//); swinging- and climbing-ropes {i)\

boxes for storing apparatus (/§); leaping-bars (/); horses (w); cupboards

(«) for weights, dumb-bells, etc.
;
gas-meter f^?); stove («); benches (^); and

washstands {e). The floor of the hall is of clay covered with a laver of

tan. The gallery, supported by iron columns, contains vaulting-tables,

bars, and racing-tracks. The hall is lighted by two rows of arched windows,

twenty-eight in all, and also by a skylight in the roof On the second

floor of the front building are a fencing-hall and rooms for the director,

teachers, and janitor.

Hospital and Penal Institutions.—Buildings for the temporary lodging

of the sick and those for the detention of criminals present many features

in common, notwithstanding the different purposes for which they are de-

signed. In both, it is equalh- necessary that the plan should provide a

number of rooms under convenient supervision, with sufficient accommo-
dations for officials and attendants, together with provision for household

service and supply. Hospitals can be divided into those intended for men-

tal and physical diseases.

Schzvctz Insane Asylum.—Figures 10 and 11 give the ground-plan and

exterior of a modern establishment of the first kind—the insane asylum

at Schwetz, constructed mainly from the design of Building-inspector

Steudener of Halle. Indispensable conditions in appropriate arrangements

of a hospital for the insane are completely fulfilled in the example by the

complete separation of the sexes, and convenient intercommunication

throughout all parts of the establishment. Other points of essential im-

portance are an air\- situation for the building, gardens for recreation, sep-

aration of sleeping- and sitting-rooms, and a convenient arrangement which

brings the business offices of the institution into readv connection with

the dwellings of the officials. All these primary requisites are well met

in this example. The asylum lies outside the city, on a plateau ele-
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vated above the Vistula River, and conimauds a fine view of the surround-

ing country—a matter in itself of great importance in the treatment of

mental maladies. It is surrounded by a wall and is divided into two de-

partments—one for men, and the other for women. All that is in common
to both departments is situated in the centre.

On the main front, in the centre (//. iji/ig. id), is the business depart-

ment {a), with a yard and accessory buildings. Farther back are the do-

mestic offices ((/), with steam-engine and laundry {c). At the extreme rear

is the department for violent cases, divided into a side for men, and one

for women (/, k). The front wings (f, c) contain the wards for the men on

the left, and for the women on the right. The wings at the back, divided

from the front by a wall, are devoted to the incurable patients. Each of

these four divisions, or wings, borders on two gardens, of which, in each

case, the inner garden is devoted to the excitable patients and the outer

one to the quiet patients. The department for women, although less

crowded, is of the same size as that for men, for the reason that experi-

ence has shown the necessity of separating and isolating female patients

to a greater extent than is requisite for men, and also that the individual

occupations pursued by women require special rooms. All the buildings

communicate by covered halls. The entire water supply of the institu-

tion is provided by a steam-engine, which drives the machinery for the

laundry and furnishes steam for heating the baths and bath-rooms.

The central building for business offices is three stories in lieight and

contains rooms for the porter, with offices for general regulation and regis-

tration, etc., and accommodations for the director, clerg}-man, unmarried

physician, superintendent, inspector, accountant, and clerk. In the base-

ment are the porter's room, laundry, etc. Besides the rooms for the

patients, each wing contains a dining-room, reading-room, and amuse-

ment-room furnished with piano, billiard-table, etc. The department for

violent cases contains isolated cells with barred windows high above the

floor. The building for domestic service (rt') contains on the ground floor

the large kitchen of the establishment, with steam cooking apparatus and

the necessary adjoining rooms, closets, and store-rooms, w^ith apartments

for the cook and the female servants. The boiler-house is at c, and imme-
diately behind it stands the laundry, which is two-storied; the upper floor

being a drying-room. Baths for men and women are in the wings of the

building (</), and in it also is the chapel for religious services.

American Insane Asylums.—In the United States, public attention has

been much attracted to the care of the insane, and large expenditures of

money and of benevolent exertions have been bestowed upon the provis-

ions for their safekeeping and mental improvement.

The Slate Hospilalfor Ihc Insane al Norrislozvn, Pcnnsvlvania, demon-
strates the fact that cheap accommodation can be provided for the indigent

insane by avoiding the usual expensive administration buildings, and that

such an institution need not necessarily require an imposing structure

under one roof. This has been accomplished by the erection of eight sep-
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arate ward-buildings, with boiler-house and laundry, kitchen, chapel, ad-
ministration building, porter's lodge, stables, and outbuildings. The
group of buildings has a front of 1481 feet and a depth of 913 feet. The
general dimensions of the separate ward-buildings are 277 feet in length
by 90 feet in depth. Each ward-building consists of a basement, used for

steam-heating ducts and workshops, and two main stories, each containing
two wards and giving four wards to each building. Each ward is complete
in itself, with separate rooms, dormitory, dining-room, bath-room, etc.

The wards are ventilated by stacks with steam coils at the base for creat-

ing the draught that draws the impure air from the wards. The entire

institution is well supplied with water and gas, and is heated by steam
from the central boiler-house. Thebuildings stand upon an elevated plateau,

the main front facing south-east, and are surrounded by extensive grounds.

Connected with the hospital and owned by the State are about three hun-
dred acres of land, portions of which are devoted to truck-gardens, whose
cultivation furnishes wholesome employment to some of the patients. The
total expenditure for the construction of the buildings has been $599,850.
The institution was prepared for about iioo inmates, and the cost of con-

struction is estimated at $545 per bed. The supply and administration

buildings are adequate for a larger number of patients, and a further in-

crease of capacity could be provided at a much smaller cost per bed.

German Hospital at Bcrlhi.—The ground-plan and elevation {pi. 17,

Jigs. 15, 16) present the hospital of the Augusta Union at Berlin—an insti-

tution for the treatment of general diseases. It is on a small scale and is

built on the barrack system, an entirely modern idea offering special advan-

tages in its method of construction for a brisk change of air and thorough

ventilation. In this example a part of the hospital (r, c) is arranged as a

tent lazaretto, in which patients can have the fullest benefits of the fresh

air. Small special chambers {d, d) are also prepared for individual

patients afflicted with severe or infectious maladies. Each barrack, built

of frame, with weatherboarding, and provided with narrow encircling gal-

leries, contains fourteen beds in two rows; it also contains, besides, a room

{e) for female attendants, a bath {g), and two water-closets. In the middle

building there are also rooms for female attendants, closets and bath, and

a tea-kitchen. In the rear of this building is a room for religious service,

and over it, on the second floor, a meeting-room for the managers. The

domestic rooms, kitchens, etc., are in the basement.

American Hospitals.— \\\ the United States, during the Civil War,

much attention was necessarily concentrated upon the equipment of tem-

porary military hospitals, and the marked improvements then introduced

were extensively adopted in Germany during the Franco-German War, and

have been since used in many of the European hospitals. A surgical

pavilion-ward built upon this principle may be thus described: The ward,

30 by 88 feet, having a capacity for twenty-eight beds, is placed in a build-

ing of one story upon a rectangular ground-plan of 38 by 143 feet. The

entrance is into a hall 6 feet wide; on one side of this hall are an operating-
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room iij-j by 16 feet and a nurses' room 11^^ by 14 feet, with linen-closet

attached. On the other side of the hall are a diet-kitclien, lavatories, baths,

and water-closets. At the back of the ward is a sitting-room 30 by 16 feet.

The windows are glazed double, and the building is heated by indirect

steam radiation, the impure air being drawn off through registers under

each bed into a ventilating-shaft. The foundations are stone, surmounted

by brick walls, with an air space in the brickwork. To exclude moisture,

the surface of the ground beneath is covered with asphalt, and the floor is

lifted 5 feet from the ground, the space being open for the circulation of

air through arched openings in the walls along the sides of the building.

The ward has also ridge ventilation. The hospital of the University of

Pennsylvania, at Philadelphia (//. \%,fig. i), furnishes a fair example of

this order of public institutions in the United States. It was erected in

1874 upon a plot of ground donated by the city on the condition that fifty

free beds should be maintained for the sick poor.

The Municipal Prison at Cologne {pi. 17, figs. 12-14) is a good exam-

ple of a penal institution. Preliminary provision is here made for arrested

persons and those serving out the penalties for minor offences; also medical

supervision of prostitution and temporary lodging for prisoners in transit.

The accommodation is for about fifty men and twenty women. The base-

ment is in two sections. The first is reached by the main staircase from

the women's prison and yard attached to the housekeeping-rooms; it con-

tains tea-kitchen, bath-room, laundry, scullery, and cellars for food and

fuel. The service in the kitchen is chiefly supplied by the female prison-

ers. The other section of the basement is reached from the men's court-

yard, and contains a large workroom, bath, and cellar for fuel. Store-

rooms—reached only from the front court—are also in the basement, under

charge of the supervisors. The main entrance to the ground floor (plan,

fig. 12) is in the front court. The receiving-room {a) communicates with

a fireproof room, and the rooms (^, li) for the male and female supervisors

are so arranged that the yards and windows of the institution can be over-

looked. The ground floor, at the back, contains two rooms (r, c) for four

persons subject to protracted confinement, one apartment {g) for five in-

valids of a certain class, an apartment ((7) for five arrested persons, one

solitary cell, one sick-room (r) for cutaneous diseases, and one (/) for treat-

ment of internal troubles.

On the second floor {fig. 13, plan of the front part) is the room (//) for

prayers, divided by a board partition into two parts—one for the men, and

one for the women—physicians' consultation- and examining-rooms (?', z"),

which form an ante-chamber to the chapel; also a part of the men's prison.

The third story contains three spare-rooms and the remainder of the men's

prison. The latter, on the second and third stories, contains eight rooms

for four persons who may be subjected to a protracted period of detention,

two rooms for five persons arrested who are to remain a short time, four

solitary' cells, and two sick-rooms. Four courts, or yards, are attached to

the building—one in front, one each for male and female departments, and
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one for domestic use. The exterior {pi. \-],fig. 14) has a forbidding appear-
ance, being built in the mediaeval style of architecture.

American Reformatory Institutions.—P^s a penal institution requiring
peculiar provisions may be cited the State Industrial Reformatory at Hunt'^
ingdon, Pa. The main wall encloses a space 680 feet square, containing
10.6 acres. At the centre of the front, but outside the wall, is the admin"^
istration building, which includes the entrance-gate. Upon entering
through this building into the enclosure, the visitor passes directlj- into
the centre building of the institution, which contains, on the ground floor,

a large open apartment with a bathing-pool. Above this, upon the second
floor, is a guard-room commanding a view of all the wards, and above this,

upon the third floor, is the chapel, or assembly-room. Four wards radiate
from this central building, two of them parallel with the enclosing wall,

the other two striking off at an obtuse angle. These wards contain three

tiers of cells, each 8 by 9 feet, with a height of 8>^ feet. The cells are 744
in number. In the open space between the ends of the wards are three-

storied school-buildings, one for each ward. Behind the central building,

and connected with it by a two-story corridor, is a building whose ground
floor contains eating-rooms, and whose second story sleeping-rooms for

employes. .In the rear are buildings for kitchen, laundry, etc., and farther

in the extreme rear workshops for the employment and instruction of the

inmates. The foundations of all the structures are stone surmounted by
brick walls. The floors are artificial stone resting upon brick arches. The
cells—u,sed only as sleeping-rooms—are brick with cement flooring and
iron-grating doors. The stairways and galleries are iron. The edifice is

strictly fireproof. Steam generated in a boiler-house behind the kitchen

warms the institution, and an engine furnishes power for the workshops.

The institute being intended as a reformatory for youthful offenders, grad-

' nation through the schools is provided for merit, and industry, progress,

and good behavior in the workshops are rewarded by privileges.

Puhlic-Jwnscs and Hotels are fitted up in a great variety of styles, to suit

the diversified requirements of their customers and guests. Those of the

most expensive kind resemble in so many respects the handsomest private

residences that no special description is necessary.

The Emigrant-house in Bronerhazcn {Jigs. 17-19) is a lodging-house

of a peculiar style, as it is fitted for the temporary needs of persons await-

ing the departure of emigrant-vessels. This useful public institution,

erected (1849-1S50) by the members of the Bremen Exchange, is intended

to shelter and board two thousand persons. The main building, whose

lowest floor is shown in the ground-plan in Figure 17, contains rooms

arranged as follows: In the middle of the front are the entrance («); por-

ter's rooms ((5i, b)\ corridors (r, r); landings with stairs (rf, d) to basement and

upper stories. In left wing are the dining-room {e), with a room (/)

attached; landing and passage to chief steward's room {g), with door open-

ing to yard; sailors' eating-rooms {h, h); small rooms (/', i) for storage; en-

trances {k, k) to church; room (w) for altar-vessels; sacristy (/); and church
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(«). Ill the right wing are the offices (c, t>, ('); corridor (/); inspector's dwell-

ing (^, q)\ dwellings (r, r) for pastor and manager; nnrses' room {s)\ landing

w'ith water reservoir and door to yard (/); female nurses' room {ii)\ corridor

(:); privies («) ; sick-rooms (.v,a-,;i-); and landing and stairs
( j, j') to cellar. On

one side of the basement is the large kitchen, with adjoining rooms and

steam-cooking apparatus; on the other side are large rooms where the bag-

gage of the emigrants is deposited. The lodging-rooms proper are on the

upper floors, as follows: nine dormitories, with awash-room attached to

each. The interior arrangement of one of these dormitories is seen in Fig-

ure 19. Besides a large open space and portions provided with large tables

and benches, there are special compartments separated from one another

by vertical partitions and provided with berths, in order to serve as sleep-

ing-apartments for families or for companies travelling together. An
attendant is stationed in each lodging-room. The exterior of the building,

seen in perspective in Figure 18 {pi. 17) is quite effective, and the style is

very suitable to the purpose. Behind the main building, and parallel with

it, is another building for store-rooms.

Eating Establishmcnts'\x\.^\\\ch simple and nourishing food is furnished

at a small charge are an outcome of the advanced ideas of modern times,

like many of the buildings alread)- described. The ground-plan of an in-

stitution of this kind started in Leipsic at the instance of the City Union

for Relief is given in Figure 20. It can furnish meals for two thousand

persons daily. The rooms are as follows: A^ corridor for the public, with

entrance {a)\ /;, cash-window; r, window for receiving food; B., a small

landing with exit on the street; (T, the women's eating-room; /?, cashier's

room; E^ kitchen, with kettle {d) for vegetables; c, serving-room for meats;

f^ chopping-block for meat; ^, tables; //, range with steam apparatus and

si.-c kettles; /, kettle for cleaning peas, etc., of husks; /% store-room; G.,

eating-room for men, with entrance from street; //, staircase;,/, landing;

A', boiler-room, with (r) steam generator for cooking-kettles; Z, engine-room,

with pump for filling boiler; J/, yard for domestic uses.

American Eating-houses.—Establishments for a similar purpose have

increased rapidly in the United States during recent years, but are rarely

built for the express purpose, as they are presumed to be of temporary

utility, and any convenient building is used for the emergency. The Sun-

day breakfast offered to the indigent in many places is an instance of a

similar service, while cheap meals at cost-price have been faithfully fur-

nished by institutions that have been known under the jjleasing designa-

tions of the " Holly Tree Inn " and "Boffin's Bower." There are also

many benevolent institutions which furnish soup and coffee at a nominal

price as a relief to the suffering poor or as a substitute for intoxicants. The
organized benevolence of the present day supports such institutions in

almost every large city or town.

Continental Custom-Jwuses.—Buildings are erected at certain places in

Europe, as on the boundary of a city, for the collection of duties, excise, or

toll. Figures i and 2 {pi. 19) give the perspective and ground-plan of one
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of these, which stands at the north end of the Tete d'Or Park, at Lyons,
France. It is decorated with perforated wood and colored tiles, and has a
picturesque effect harmonizing with the surrounding landscape. The
ground floor (//. 19,7?^. 2) includes a passage, two receiving offices, and
two sleeping-rooms for the night service. The second floor contains the
dwelling of the collector or receiver.

American Ciistom-Jiouses.—Up to a comparatively recent period, the
most expensive buildings erected or owned by the Federal Government,
aside from those located in Washington, were custom-houses. The cost
of construction, exclusive of cost of site and alterations and repairs, of the
New Orleans custom-house was $4,221,824.40, and corresponding outlays
for the custom-houses of other cities included the following: Boston,

$884,346.76; Charleston, South Carolina, $2,696,592.34; Chicago (custom-
house and sub-treasury), $4, 529, 709. 24.

Post-offices, United States Coitrt-ItoHscs, etc.—During recent years lib-

eral Congressional appropriations have been made for the erection of post-

offices, and buildings intended to provide accommodations for them, as

well as for United States courts and various classes of national officials.

The work of constructing buildings of this class has been progressing for a

number of years, and hundreds of fine structures, representing nearly all

known styles of architecture and varying greatly in size and capacity, have
been erected. The sums spent for them probably exceed any other gov-
ernmental outlay for architectural purposes during a similar period, and
the cost of some of the most expensive of the new structures is exception-

ally large, the reported cost of the construction of the New York court-

house and post-office being $8,549,832.63, and corresponding outlays in

Philadelphia exceeding $6,000,000.

Court-houses present differences according to the organization and pur-

poses of the tribunals for which they are designed. Figure 3 gives the

plan of the second floor of the general court-house at Bonn, as follows: a,

audience-hall of the court of Common Pleas and of the court of Correc-

tional Appeals; /;, ante-room; r, library; d, conference-rooms; c, presi-

dent's room; /, ante-room;^, room for secretary and criminal registration;

//, counsels' room; ?', jury-room; l\ /, rooms for state or prosecuting attor-

neys; w, for the chief state counsel; ;/, ante-room; o, secretary's room; /,

recorder's room; q, witnesses' room; r, assize-hall; s, judges' consultation-

room; /, room for defendants. On the ground floor are the examining-

rooms for the two courts, with a direct communication to the prison in the

rear. The central part of the edifice has a third story with a skylight, in

which are a secretary's room and the archive-rooms, the latter having stone

floors supported by vaulting, and vaulted ceilings with iron beams, to

render them fireproof In the basement are rooms for janitors and for the

storage of fuel. In the United States, the court-houses erected by different

cities and counties represent many styles of architecture and variations in

amount of expenditure and completeness of accommodations.

Berlin Exchange.—Figure 4 gives the ground-plan and Figure 5
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the interior perspective of the main hall of the Exchange or Bourse at

Berlin, built in 1860-1864 by the merchants of that city from plans by

Privy Counsellor Hitzig, and under his direction. The building has a

handsome fagade adorned with columns and statues, and the interior is

treated in a rich, tasteful, and substantial manner. The ground floor,

shown in the plan, has an open portico (<?) in front, leading into the large

vestibule {b)\ in the rear of this, the centre of the edifice is occupied by

the Exchange (r, c), extending through two stories in height, with arcades

on columns on the second story, and divided on the first floor into Stock

and Produce Exchanges by a similar arrangement of columns and arcades.

Niches are formed on the lower floor b}- pilasters, and over these, in the second

story, are narrow galleries bordered by the arcades. All the columns in

the hall, one hundred and twenty-eight in number, are monoliths of pol-

ished granite. The light is supplied by the windows and by passages at

the rear; the building is warmed by large heaters in the basement. The
ceiling, in the form of a flattened arch, is highly original in design, and

produces a fine effect. The iron ceiling-ribs are strongly outlined, and

above them sickle-shaped iron girders, invisible to the eye, span the hall

at distances corresponding with the columns. Iron beams are arranged

between the former, and the squares so formed are filled in with highly-

ornamental plaster bays. The flooring is of oak planks enclosed in a

marble framing.

At the left hand, near the vestibule, are the wardrobe {d) and closets

(^), and in the corner a porter's room (/"), reached through a special small

passage {g). A stairwa}- leading to the upper floor and gallery is also

accessible from the same passage. Farther back, in the left wing, are the

telegraph-ofl&ces {/t-m). At the rear are a back stairway lighted by a well

(«), the bulletin-rooms, and two other apartments (/, g). In the rear is

the large open exchange (;-) for summer use, adorned with colonnades and

fountains. To the right of it are the brokers' room (s), a passage (/), and

the Liquor Exchange (//). The right wing on the front is not so import-

ant, owing to its shape; it contains only a few cabinets (f), stairs, and

another wardrobe (zi'), with closets (.r). Finally, on the right of the wide

vestibule are the main stairs to the upper floor and rooms for the porter's

use (t, "). In the second floor, directly over the vestibule, is a session-

room; on the left are the cashier's office and registry; at the right, rooms

for committees; and in front is the library. The left wing and rear of the

building to the right are occupied by dwellings.

Arcades: Galleria I'ittorio Emanuclc.—Among the erections intended

for business interchange should be mentioned those collections of shops

which in some cities are called "arcades." Those intended for the finer

classes of merchandise are frequently styled " bazaars," while those of a

gallery-like construction, forming cross-connections between two streets

and covered with glass, are known as "glass-passages" or "galleries."

Almost all important cities in Europe have now these elegant structures.

One of the newest and largest is the Galleria Vittorio Emanuele, in Milan



Public Buildings.] BUILDING. 141

(//. \%fig. 7); it connects the Piazza del Duomo with the Scala. This gallery,
built (1S65-1867) by the architect IMengoni, has a cruciform ground-plan,
and over the centre is an octagonal cuiDola decorated in its upper part with
four large fresco paintings. The side-walls, which are richly and taste-

fully finished, have double pilasters with corresponding semicircular iron
roof-girders. The roof over the galleries, as well as that over the cupola,
is of glass; so that the elegant shops on both sides of the passage are well
lighted by day, and the entire edifice is profusely illuminated at night.

Public Libraries are situated either in buildings used for other purposes
or in edifices built expressly for use as public libraries. The chief room
of the library is the reading-hall, open to general use, and provided, as a
rule, with accessory apartments, but sometimes serving only for the stor-

ing of volumes, being fitted with suitable cases upon the walls.

Imperial Library^ Paris.—Figure 6 shows a reading-room of imposing
dimensions. It belongs to the public library of Paris, formerly known as

the Imperial, the most important in Europe. It was opened for use in

1865 in one of the new wing-additions to the Hotel Mazarin of the old

library. The bold construction and the elegant gilded finishing render the

interior very imposing. The vaults of the domes, which are light—or, at

least, made to appear so by skilful coloring—are furnished with skylights,

and are supported on slender iron pillars, making at once an elegant and
a fireproof ceiling. Around the walls in the spaces between the pilasters

are bookcases in three rows, whose two upper ranges are reached by light

iron galleries. In the hall are large tables for the use of the readers. The
rear of this immense hall is semicircular, and here the attendants have
a place of resort behind a railing. The library is heated by a hot-water

system.

The Nezv Library of Congress.^ at Washington, D. C, will, when com-
pleted, be the largest library-building in the United States. The plans,

which have been substantially decided upon, contemplate a building in the

Italian Renaissance style of architecture. The exterior walls will be of

stone and the interior will be constructed of iron and concrete, to render

the building as thoroughly fireproof as possible. The inside finish will be

generally plain except in the reading-room of the rotunda and in the main

stair-hall, or vestibule, which will be suitably enriched with marble, iron,

and stucco. If erected according to the plans now awaiting approval, the

building will accommodate, at once, 1,500,000 volumes, and ultimately (as

the proposed extensions are added) 3,500,000 volumes. The elevation of

this projected building is shown in Figure 2 (//. 18). Its dimensions will

be 450 feet long by 330 feet wide.

Establishments for Fire-engines and Houses for Washing and Bathing

are intended for the useful application of water previously brought into

them. Of buildings intended for sen,'ice in the extinguishment of fires,

only those for the storing of implements, or pumping-houses, range in this

class: they need no special illustration, and only one example will be given

(the force-pump,//. i<),fgs. 8, 9).
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Paris Laundry.—Figure lo (//. 19) gives the interior perspective of a

public laundry in Rue de Sevres, Faubourg Saint-Germain, Paris. The
main hall here shown is lighted from above and has two tanks, or troughs,

running the whole length of the hall. These troughs are supplied from

the river Seine by a forcing apparatus. Parallel to them are tables for

soaping the linen, which accommodate one hundred and fifty washerwomen

and are furnished with a like number of spigots for use when required.

The wastewater is carried away in pipes beneath the flagstone floor. Next

the wash-room is the bleaching department, worked by steam. The arti-

cles washed, first arranged in nets and numbered, are placed in special vats,

and the bleaching fluid, or lye, is driven through them by means of steam.

The wash is then dried, by rotating drying-machines, in from seven to ten

minutes' time.

Bathings Drinking, and Washing Establishment.—Figures 11 and 12

show a bathing-and-drinking establishment combined with one for wash-

ing, as built in Miinster by Hauptner. The washing department is in the

rear of the building, while the baths and the drinking fountains occupy

the extensive front. The plan of the ground floor {fig. n) shows the sym-

metrical arrangement and the excellent architectural treatment of the de-

sign, while the facade {fig. 12), notwithstanding its simplicity, can be

recommended for its effective and artistic appearance. The ground-plan

{fig. 11) shows, a, the fountain for drinking; /;, buffet; r, r, stairs to second

story; d, front entry; e, r, waiting-rooms; yj yj the ladies' baths; ^, g,

family bath; //, //, gentlemen's baths; ?', /, rooms for male and female

attendants; /', ^, sulphur baths; /, /, privies; ;«, kitchen; ;?, ;/, light-wells;

o, boiler-house; p, engine; q, q, steam-bath ante-rooms; r, sweating-room;

s, steam-bath; /, /, wash-house; «, ironing- and mangling-room ; v, z\ dry-

ing-machinery; tf',- Russian bath; .r, exit-pipe; and j, s, warm- and cold-

water pipes. Over the waiting-rooms and the passage {d) are parlors in

the second story, and over the room re is a large tank.

Roiunn and River BatJis.—Figures 13 to 19 give examples of establish-

ments where water is used exclusively for bathing. Figures 13 to 15 show

a Roman bath, and Figures 16 to 19 a river bath. The numerous Roman
baths constructed in recent vears are arranged upon the model of the an-

cient Roman bath, the chief peculiarity being that the bather spends a

certain time in a room heated to a high temperature by hot air before en-

tering the bath, which is lukewarm or cold; other processes, such as mas-

sage, or kneading the body, douching, rubbing with soap, etc., are added.

The Roman Bathing-house at Hamburg (figs. 13-15) is arranged as fol-

lows: From the entrance parlor {fig. 13), which is elegantly fitted and fur-

nished with divans, the bather proceeds into the cool room, or frigidarium

{fig. 15), adorned with aquariums, tables with flowers, etc. On the sides

of. the frigidarium are sixteen small compartments which can be closed by

means of curtains on the side next the central passage. Each of these

compartments contains a bedstead with covers, wash-stand, chair, bath-

linen, slippers, etc. After disrobing in this apartment, he enters the warm
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room, or tepidarium {pi. 19, fio;. 14), an apartment with a high-vaulted
ceiling, lighted from above, with a temperature of 122° Fahr. Into this

room, the floor of which is tiled, a constant current of hot air is driven

from below, the respired air escaping at the top through ventilators. After

remaining in this apartment about twenty minutes, the bather enters an-

other compartment, several degrees warmer, the sweating-rooin or sudato-

rium {fig. 14), seen through the open door. His stay is here limited to

about ten minutes, during which he lies upon a bench and is manipulated

by an attendant. He next passes to the lavatorium, or wash-room, where
lukewarm water is poured over him repeatedly; he is then subjected to a

douche, or shower-bath, at first lukewarm and gradually chilled, and is

finalh- rubbed off. Wrapped in a bathing-robe, he returns to the frigida-

rium to rest upon the bed in the compartment first allotted to him as a

dressing-room.

The River Bath at Magdeburg.^ on the Elbe {figs. 16-19), is remark-

able for its admirable appointments as Avell as for its favorable position in

mid-stream {fig. 17). As in almost all baths of this kind, there are sepa-

rate divisions for men and women, and a swimming-basin. The entire

structure is supported upon a raft, or float, anchored by chains, while it is

free to rise and fall with the water of the river. The arrangement shown
in the ground-plan [fjg. 16) is as follows: The approach from the shore is

made over a convenient bridge, which leads into the front garden-plat (r?),

with the main entrance {b) and buffet (r) immediately behind. On the left

is the men's waiting-room (c), and that for the women is on the right {d^.

A small kitchen is at/"and a store-room at^^v along the sides, galleries for

women (/) and for men (/?) lead to the controller's offices (/', /). From
them the bather either enters one of the compartment baths—of which

there are fourteen for men (^, q) and the same number for women (r, r)

—

or the swimming-bath (/). The latter has dressing-rooms at the side and

a douche {d) behind, with rooms for attendants at w and n. At the extreme

rear is a place for drying bathing-suits, etc. Figures 18 and 19 show the

construction of the swimming-basin and private baths. Both have plank

flooring and lattice-work partitions below the surface of the water, to per-

mit its free flow. The swimming-basin is not covered, but is surrounded

by a walk, which separates it from the dressing-rooms. The compartment

baths have roofs which can be raised to admit light and air.

Mineral-'water Stands.—Structures for the accommodation of those who

drink the natural mineral waters of medicinal springs at watering-places

often have bathing-rooms attached. These arrangements are of ancient

origin, but the small fountains or spas intended for carb'onic-acid water or

soda water are of entirely modern design. Figures 20 to 23 illustrate two

examples of the latter. A mineral-water stand in Berlin is seen in per-

spective {fig. 21) and in ground-plan {fig. 20). It consists of two divisions

connected by a door; the division in front, which is furnished with a

counter, is open, while the one behind is for storage and the temporary

shelter of the person in charge. The building is of wood and has a pleas-
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ing appearance. A similar edifice in Paris is seen in perspective in Fignre

23 and in gronnd-plan in Figure 22 {pi. 19). It is graceful and light in its

style of finish and adornment.

Market-., Exhibition-., and Festival-halls., which maj- be classed among
the modern structures devoted to useful purposes, are generally character-

ized by their light construction, usually of wood and iron, and also by their

consisting frequently of one lofty apartment with galleries; these buildings

are rarely divided into stories. Market-halls and exhibition-halls have

been described (p. 65) as being partly constructed of iron, especially the

Crystal Palace at Sydenham and the World's Exhibition at New York in

1S53. Halls for festivals resemble those devoted to exhibitions, for the

reason that they also are generally erected for temporary purposes; in the

former, however, as more permanent, iron is used to a greater extent, while

halls for festivals are generally made exclusively of wood.

Dresden Festival-hall.—Halls intended for the Schiitzen-, Turner-, and

Sanger-fests are frequently quite elaborate in decoration and fanciful in de-

sign. An imposing example of this kind was constructed at Dresden in

1865 from plans by Giese and E. ^liiller, architects, for the first German
Sangerbundesfestes in that city. Figure 24 presents the exterior of this

building. The hall, built on a pile foundation, and mainly of wood, was

intended to accommodate twelve thousand singers and an audience of

fifteen thousand. On the four corners were high towers, and between

them six smaller towers. The hall proper consisted of a stage for the

choristers and of the auditorium. Encircling the hall was a gallery for

the displa}' of the banners of the several societies. Large windows over

the galleries, eighty-six in number, were filled with transparent variegated

paper colored in oil instead of with glass; the handsome allegorical figures

upon these had a very good effect. All the rooms were open to the public,

and were artistically decorated with bunting, flags, painted shields, etc.

The towers were divided into stories, and gave ample space for committee-

rooms, police, mail and telegraph offices, sick-rooms, retiring-rooms, beer-

buffets, etc. Under the great stage was reserved a place for the fire

department.

United States Centennial-exhibition Buildings.—The main building of

the Centennial Exhibition in 1876 was an immense structure (//. i?>^Jig: 3).

It was in the form of a parallelogram, extending east and west 1880 feet in

length, and north and south 464 feet in width. The larger part of the structure

was one story high, the main cornice on the outside being 45 feet above

the ground and the interior height 70 feet. At the centre of the longer

sides were projections 416 feet long, and at the centre of the short sides

projections 216 feet long. The projections contained the main entrances

and the central facades, 90 feet in height. On the corners of the building

were towers 75 feet high. The roof over the central part for 184 feet square

was elevated above the surrounding portion, with towers at each corner

rising to a height of 120 feet. The ground-plan showed a nave, or central

avenue, 120 feet wide and 1832 feet long. On either side of this nave were
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avenues of the same length and 100 feet in width. Between the nave and
the side avenues were aisles 48 feet in width, and on the outer sides aisles

24 feet in width. The foundations consisted of piers of masonry and the

superstructure of wrought-iron columns supporting iron roof-trusses, the
columns being composed of rolled channel-bars with plates riveted to the
flanges. The columns in the building were uniformly 24 feet apart. Of
the six hundred and seventy-two columns employed, the shortest was 23
feet and the longest 125 feet, the aggregate weight being 2,200,000 pounds.

The sides of the building, to the height of 7 feet from the ground, were
finished in brickwork in panels between the columns. Above was glazed

sash, parts of which were movable, for ventilation. The exterior of the

structure was ornamented with galvanized iron octagonal turrets extending

from the ground to above the roof, to support flagstaffs. Louvre ventilators

were placed over the nave and each of the avenues. Balconies, or galleries,

from which the interior could be viewed, were provided in the four central

towers. The building was erected as a temporary structure, the columns
and trusses being so designed that they could be readily taken down and
rebuilt upon another site. There were used in the construction four miles

of pipe, 7,000,000 feet of lumber, and 8,500,000 pounds of iron. The
structure cost $1,600,000.

Agriailtiiral Ha/l, a building in the Centennial Exhibition, was spe-

ciallv remarkable for the orisrinalitvof its design. The structure consisted

of a long nave crossed by three transepts, all composed of Howe truss arches

of Gothic form. The four courts between the nave and the transepts, as

well as the four spaces at the corners of the structure, having the nave and

the transepts for two of their sides, were roofed, and fonned spaces for ex-

hibits. The nave ran north and south, and was 820 feet long, 125 feet

wide, with a height of 75 feet from the ground at the top of the arch. The
remaining three transepts ran-east and west, one at each end of the build-

ing 540 feet long and 30 feet wide, and one in the centre 540 feet long and

60 feet wide. The building was thus divided into sections, each of which

had aisles 197 feet long and 13 feet wide extending through it and com-

municating with the avenues and passage-ways. The entire structure

covered ten and a quarter acres of ground, and the arrangement was nmch
admired for its novelty and grace, the general appearance resembling that

of a great cathedral.

Vol. v.—10
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Construction in Stone. BUDDING. Plate i.

O-

I-I2. Bonding And Masonry; i. Block bond, 2. Cross bond, 3, 4,

framework: Greek temple at Fano. 12. Ancienl Grecian arch. 13-16. Vaulting;: 13. Groined vault,

vault (top view). 17-23. Stune Stairways : 17. Straight-line stairs : Munich Library. 18. Broken-line siaiR

21, Perron of tlie HGlel de Ville, Paris. 22, 23. Brick stairs.

C,»s,bo„d,3,4.Hono.bn*wa.ls. $-7- ^-''^!^l:^Z:[f!^ '^•"- - -
. .

and hall -^f a liweUip^ \ ™'^,")'^'' »he Marienburg castle. *5- Hanging dome: St. Mark's Church, Venice. l6,

Gothic or Polish bond in masonry. 9. Rustic stone-work.

-ienburg castle. 15. Hanging t. ^..

'crlin. 19. Double-headed stairs. 20. Winding stairs of the Early Renaissance, from a French castle,

Concrete walling, ii. Stone

Fan or funnel

O



BUILDINO. Plate 2.

I. Enamelled and moulded brick-work : Morse Building, New York City. 2. Ashlar work : Austin ?Iall, Harvard

i
University. 3. Hollow bricks. 4. Peerless moulded ornamental bricks. 5. I'lan, 6. Section, of fireproof metallic lathing.

7. Metallic column-capital. S. Metallic cornice-fastening. 9. Metallic chimney-cap. 10. Metallic roof-crest. 11. Corru-

gated rain-pipe. 12. Metallic cornice. 13. Metallic roof-tiling.







Construction in Wood. BUILDING. Plate 3.

I-.4. JoimiRVi 1. Oblique >crlinj. ., Righl-angl. sduare-halvlng. 3. AcuMJnBle s,o»te-h>l«ing. 4. Dov.lail B""'"- '
,,, S«»d«L J" ' ""'""i

Mm. ... Obliaue luik Knon. ,3. Cornir-jobl of log walling with ptojteiing onds. „. Cornor joint o( log walling, wiik "usb "
p^.jiio, ^, "f

'
^'gniitn honje,

.8. Cttal hall of lh.Guri.rnich at Cologne, lo-a, Fo.us of Rooi^ : 19. Srfdlcroof wlih .ido gablo, 10. Hipped saddU-""* "^ ,> R.it.iJ '?'"' "3 "-«

Single suspen-sion-tnjss roof. eg. Double suspension-truss roof. ag. .

Riding-school at Wiesbaden. 34a, f. Housed-in winding stairs. 35. Geometrical

i! coiner joint. 7a-<-. Side-, middle-, and cross-cogging. 8.9. End cogging, to. Mortise and tenon. 11. Slit

Marbach. t6. Aite Wage (Custom-house) at Brunswick. 17, Floor-beams with intermediate false flooring.

gable, 10. Hipped saddle-too^--
^^^ ^ Rootuusr^T

""' '^ '^"-"' ">»' '< Man.,a,d toof as-jj. Roof CoNSritt'CTioN : .5 I>o"bl= standiog-post tool, a6. Ublique-posI

suspension-truss roof: Roman b»™^
^^

^,|p,ic.
"'°'" l«ui«. 31. Uitice-lniss roof: Saogethalle al Dresden, 3a. Details of Figure 31, 33. Curved roof-truss of plauk rafters

:

36. Bell frame It Thomas s

^
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Construction in Iron. BUII,DING, Plate 4.
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Iron Structures. BUII^DING. Plate 6.

t-iron pavilion in the Botanical Garden at Munich (Bergmann), Cast-iron FriedricVAugust
To«jeV

^^^^^^^^^^ ^
4. Section of the dome of the Capitol at Washington, D. C (Tholiias U. Walter). 5. Cross-sectional

perspective °'T^^
Undou "mo.

*'?'^1^'^"" (Desjardins). 6, 7. Constructive details of Figure 5. 8. Perspective, 9, Interior, of the New York
--''"

Palace (
1852-1854) at i'y'"= VJ^^eph Paxton), - -Industrial Exhibition building (1853). 10. Perspective, 11. Interior, of the Crystal Palace (185:

{/gs. 10, II). 15. Cast-iron winding stairway.

3. Bronzed cast-iron standpipe on the Place de Breteul, Paris, of the artesian well at Crenelle.

irdins). 6, 7. Constructive details of Figure 5. 8. Perspective, 9, Interior, of the New York

12. Interior perspective of an upper gallery, 13, 14. Constructive details, of the Crystal Palace

6
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Roof Coverings and Interior Fittings.
BUILDING. PtATE 7.

1-14. Roof CovHRiwcs : 10, SingI

.on of ,h._C„sL.l Palace, U„d„„. ,5. H>„|i„g ,„„f.gu„„ wUh fas„,,i„£, ,&,, Soc.ioo of ih. uppo, ond. ,6*. S«';~
«;;,J;,'.°„|.

«.„„,', !;"« ^'^B^-for.

",/. D<tail» of lli= "Papioleii,
t

tng

ducl<

I-aih joint, u. Rolled joint with cap. for metallic roofing. 13- Corrugated-iron roofing. 14. Fliited-gtass roof-

.^,6. DooK ,«o W,»D.,» Fi^„c>'^'6"%2^hirTi
"".'" '""."'"'

,

'"
T"""."',"rZ«'(eie7ntion. .ection, ao.l f'fh " "«.t hi.g,. ^-— -7 Box roof-gn.ter, with rain-pipe connection. ,8-.;. Det;>il. of fastening, »nd termination, of lish.ning con-

.nd cro„..ec,io„).
3,. Half, „, .ingV ™ b„ckie feSon H 1 t '"n" U '

'' K U M Ion anJ P » 4«-rf- """"' °'
'T°'"'' " ""'oh le," f ," '

" '"" '"'"' '"'""'"'" »"" P'''"' !°". ' VerticaUliding door b.lt. 3. Sliding.door roller, (elevation

39. Padlock In .ection. ,0, ie>Uol aTw; '^''X^Tr'i'T-'. "L °.°.".l'!! :™!'l^'!1.':.ll?r,"^u? « clobb .».U »d ke,. «-"'"ock and ke,
"

''
J'^';'™,'- JSo^.. Detail, of the basctde fa<te'ning 36 Ni,h,.,a,cJ. 37- F-ench look and key ,. Key ward.

' ' otamah . combination lock (deia.U). ,ia-c. Newdl's permutation lock and key (dei..lb), «. Fireprool safe.
40. Desk lock and key. 41. Chest lock and key. 41. Letter lock televaUon a

r) c



BUILDING Plate

1-5. Yale locU: i. Original key. 2. Transverse section, 3. Longitudinal section, of the escutcheon of a lock. 4 ' 1

rugated key. 5. Front view of an escutcheon. 6. Norton door check and spring. 7. Window-blind catch. 8. Sash fastener.

9. Self fastening shutter hinge. 10. Secret spring latch. 11. Loose-pin butt. 12. Yale standard front-door lock.

i-'S- Details of thumb latch. 16. Concealed bolt. 17. Electric call-bell.





BUILDING. Plate 9.

I. American gas cooking range. 2. Cross-section, 3. Elevation, of the Gurney hot-vvaler heating s\>i«En. 4.5. Auici-

:an cooking-ranges. 6. Harper's improvement for coal stoves. 7. American base-lnnning reservoir stove. 8. Franklin

pen.grate coal stove. 9. Brick-set hot-air heater. 10. Turtable hot air lie.iter. II. Giirney hot-water radiator.







Chimneys.—Heating and Cooking Apparatus.
BUII^DING Plate io.

i-«. Chimnbts: I. Ground-pbn of a Russian chimney, a. Movable chimney cap. 3. Sutionary chimney cap. 4'

anil cross-icciiun). 8, Barrel, or round, stove (vertical section). 9. Faience stove with ii

jackci stove (vertical anil horiiontal sections). 13 Self-feeding coke slove (vertical scctio
ing radiator (a. plan ; 6, clcvaiion). 19. High pressure hoi-waier heating (Perkins's
33-27. Cooking Apparatvs; aj. Cook stove, or range, n- Stove-plate for cooking ui<

'^'^'.
rf,/.'"""'"^«ciio!^r"^' ^T°^

chimney. 6. Circular factory chimney. 7-aa. Heating Apparatus: ? French open.grate fireplace (elevation

'

.'„,«ciion;*<<'e»'aii(.m , ./*.. ".""^B= «ove (front and side elevation). 11. Iron self-fecdine stove (front and side elevation). tJ Iron self-feedingfire-box (a, elevation :*, <r, vertical *"".°°f iJion: i.devation,""^/ '°; '^"*'^B= «ove (front and side elevation). 11. Iron self-fecdine stove (front and side el

yslem) 20. Haag's h.gh-pressure
J'°'"^'"„,jons.

iflils. »s. Cooking apparatus for puW'C '™

, elevaiion
*. longiiudliLil

"*^PP""'w('».longiiudin"ai
;
f. cross-section; rf, plan), at. Steam-heating radiator (verticals

section ; J. cros^section), aj. Portable gas<:ooking stove.

1). 11 Iron self-feeding

18. Hot-water hcat-

1), 33. Gas-heating stove.

^



TYPES OF DWELLINGS. Plate ii.

I. Assyrian tent. 2. Turkish tent. 3. Teutonic hut. 4. Slav hut. 5. GauHsh hut. 6. North American Indian

ttnt. 7. Pequod Indian wigwam. 8. Cliff-dwcIling. 9. Laplander liut. 10. Communal dwellings of the Pueblo Indians.

U. South African hut.





TYPES OF DWELLINGS. Plate 12.

4i

^pli:i.|''P '! ^'-^1
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^&^;
MTlfF

[
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- - ! -^l -tgs

==:& -^-*^^>g^
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^mmifiiWWi Hl^

I. EL^-ptian dwelling. 2. Soudanese dwelling. 3. Assyrian dwelling. 4, 5. Hebrew house and tent. 6. Plianician

dwelling. 7. Etruscan dwelling. 8. Greek dwelling, g. Roman dwelling. 10. Byzantine dwelling.





TYPES OF DWELLINGS. Plate 13.

Aztec dwelling. 2. Ancient IViuviaiidwulliii!;. 3. Chinese dwelling. 4. Hindu dwelling. 5. IVrsian dwelling.
:'. Russian dwelling. 7-9. 'I'lansiliun of architectural styles: 7. Romanesque, S. Mcdi.eval, an.l 9. Renai.s.sance
Iv.'ellings.







MODERN PRIVATK BUILDINGS. BUILDING. Plate 14.

I. Perepective.a. Ground-plan, 3. Upper-story plan, of a Dresden vilU (A. HauschHd). 4. Elevation, s
Ground-plan, 6.^ P^^^^^.piar,, ,5 F,on[ ^^^^^^ ^^^

"''"'^^ ''"dl'ig in Berlin (Adier). 8, Elevation, q. Ground-plan, 10. Second-story plan, u. Dwelling plan, of a com.

bined store, offices, and dwelling in Paris [Gamier and Coulon). 13. Elevation. 13. Basement plan. 14. First-story plan, iS
i^^i^juscn, "> ^''^"' "^ '"'an of worki^

"^ ^?'
'/* ^''''^'*'°TPlan, 18, Attic plan, of a dwelling in London, 19, Elevation, so. Ground-plan, of a workingman's

house in Berlin, ii. Elevation, 13. Ground-plan, 13. Second-siory plan, 34, VerticaUection, of a workmgman's house ai ^ " ,
,,jj|a in P"'*'**"' 33. Study in the v"fl'"B'

*

" "' groups at Miihlhausen. 36. Perspective, 37, Ground-plan, a8. Cross-section, of English workingmcn's
houses 19 Pcrepcctivc, 30, Umund-plan. of a grccn-housc in Berlin. 31 Hall of a dwcUing in Berlin. 3a. Salon or parlor '

i avenna in Berlin. 34. Bath-room of the Moorish style in the Castle Albrechtsburg, neat Dresden. 35. Garden-seat
at Sans-Souci, 36. Water-closet fixtures. 37. English water-closet (vertical section).

T
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PRIVATK P.UILDIXGS. Plate 15.
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^A
:^^

{'"'"<«u„„„„„„„.intS

I. Perspective of modern-built twostory dwellings in Philadelphia (Thonnas H. Parks, builder). 2. Elevation of

|odern-l)uiIt three-story residences in Philadelphia. 3, 4. Plans, 5. Perspective, of a workingman's cotLige of the Ludlow

Mass.) Manufacturing Company. 6. Improved water-closet fixture.
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GERMAN PUBLIC INSTITUTIONS. BUILDING. Plate 17.

I. Perspective, 2, Ground-plan, of a day-nursery in Frankfort-on-the-Main. 3- t^efspeciive

8. Perspeclive, of a German technical school in Chemnitz. 9. Ground-plan of gymnasium m Leipsic \y i

ofthe municipal prison at Cologne. 15, Ground-plan, 16. Elevation, of the Augusta-Union Hospital, at

Union-Relief establishment in Leipsic.

10. Cf°'

7

6. Ground.plan, of a German district school in Dresden. 7. Ground-plan,

,. 12. Ground.plan, 13. Second-floor plan, 14. Perepective,

'9. Interior of a dormitory, of the Emigrant-house in Bremerhaven. 20. Ground-plan of tlie City

Gi»««lplan,
18. Pe',^';u°,7'"'„'°7"'

'^'''"°' ^' S*""^ (Steudener),



PUBIvIC BUII.DINGS. Plate i8.

A

I. Hospital ijf the University of Pennsylvania, Philadelphia. 2. Perspective of the proposed Congressional Lihrary

Iniilding, Washington, D. C. 3. Perspective of the Main Building of the United States Centennial Exliibition (1876).
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Public Buildings. BUltDlNG. Plate 19.

I. Perspective, 2. Ground-plan, of a French octroi-, or inland custom-, house at Lyons.

7. Glass passage or arcade: the Gallcria Vittoriu Emanuele in Milan. 8. Perspective, g
13. Reception-ruom, 14, Tepidariui

il plan

id Sudalorium, 15. Frijpdarium, of the Roman hath at Hamburg

TJiSft#

-J. f.
—.u, .^, i^j.iuaiiuiu iinu .T>uuaiorium, 15. rrijpaanum, ol tne Kuman natn ai iiaiii'""^-

plan, 21. Perspective, of a Beriiii mineral- water stand. 22. Ground-plan, 23. Perspective, of a Fans mine

•

,. Ground-plm
-

'

- of a force-l'»"'l'

'

,6. UroutiJ-l>'»' -..,.;„„£
,

»- Eonn

I'lttrii

,, ,,„ "•' "I a public to,L. np

'

^'^'^^'^S' al Berlin. 6. Reading-room of the National Library at Paris.

^T"""- '« '•) CrossCt!™ Z " ^^''"'Pl-. '^' Pers|.eclive, of a bath- and wash-house at Miinster.

Ihe fBli.al.halj of .1,

'"'"""'"e-l^asin and private baths, of the river bath at Magdeburg. 20. Cround-
Uie Singerbundesfesles in Dresden (1865).
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PART II.

ENGINEERING.

I. ROADS, STREETS, AND VEHICLES.

I. Roads and Streets.

THE Orient, the cradle of civilization, yields us the earliest references

to artificial roadways. Those built by Seniiramis are the first of

which history makes mention, and an artificial road is known to have

been built between the ancient cities of Susa and Sardis, a distance of about

two thousand miles. The Carthaginians, a people noted for their commer-

cial and military spirit, were also builders of roads, and the oldest Chinese

works of this description were made so substantial and enduring that they

are serviceable to the present da}-. The Greeks, particularh- the Athe-

nians, built excellent highways, certain of which, as the sacred road to

Delphi, were dedicated to religious uses; at Cyrene, also, was a notable

work of the same kind.

Roman Roads.—The Romans, however, far surpassed all their prede-

cessors and all their contemporaries in the magnitude and excellence of

their works of this character. Built primarily for the purpose of facilitat-

ing their vast military operations, to which they rendered most import-

ant aid, they were esteemed so essential that, notably under Augustus,

Vespasian, and Trajan, highways were made from Rome to all parts of the

Empire, even through regions where Nature had interposed the most seri-

ous obstacles. Imposing remains of these works, which may even yet be

found in nearly every country of Europe, testify to the i^re-eminence of the

Romans as builders of roads. The care which they bestowed upon their

great highways will appear from the following analysis of their construc-

tion. The base of the roadway was formed of one or two layers of stone

laid in mortar (statinncii)^ upon this followed a course of broken stone and

mortar {nidus); over this was placed a layer of finely-broken stone with

freshlj^-slaked lime {iiiiclciis)^ which served as the bed of the stone pave-

ment proper, composed of polygonal stone slabs {siimmum do}-sum)\ or the

stone pavement was sometimes omitted, in which case the third course of

the road was formed of the largest obtainable cobbles, and the road-surface

became sinnvia criista. In the Middle Ages the Roman roads were allowed

to fall into decay, and, save in rare cases, no new ones were laid out.

Modern Roads.—Coming down to modern times, the building of road-
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wavs was begun first in Holland; afterward they were constructed in Spain

and England. In Germany the first highway was built in 1753, between

Oettingen and Nordlingen. About the same period much activity was dis-

played in France in the construction of works of this character.

The Earth Road.—Considering roadways in respect of the mode of

construction, it will be proper to proceed from the crudest forms—the sim-

ple earth roads, or the rough temporary structures intended to facilitate the

conveyance of heavj' materials for industrial or military operations—to the

established highways constructed in the most substantial manner and con-

stituting the principal channels of trade. The earth road, which is com-

mon in all countries, and is necessarily the chief dependence for intercom-

munication in all new countries, is formed by excavating the natural soil

from lateral ditches and spreading this out to constitute the covering of

the roadway, the side-ditches serving for draining the surface. In many
cases, especially where the soil is sandy or gravelly, no provision for other

than natural drainage is attempted, and the road is simply a wagon-track

on the natural surface of the ground.

Corduroy Roads.—For the passage of swamp- or marsh-land the expe-

dient usually is adopted of forming for vehicles a roadway of straight logs,

either round or split, whose length is suited to the required width of the

road; these logs are laid side by side, the joints or openings between them

being levelled up as evenly as possible with smaller pieces having the same
length as the larger logs, but split to a triangular cross-section and inserted

into the interstices with one edge down, so as to form a flat surface. In the

United States such roads are called " corduroy roads." A modification of

the corduroy road is the timber causeway shown in Figure i {pi. 20).

Plank Roads.—In countries where lumber is plenty and cheap, plank

roads are in use. They are commonly made by laying down, lengthwise of

the road, parallel rows of planks (called "stringers" or "sleepers") about

5 feet apart between centres, which serve to support cross-planks laid upon
them. A section of such road is seen in Figure 2. Plank roads were in

very common use in the United States twent^'-five or thirty }-ears ago, and

are still by no means rare; they are in vogue also in Russia. When new,

they afford great convenience for heavy haulage, and, though lacking in

durability, as temporary expedients in newly-settled districts they have
their raison d^ ctrc.

Stone Roads.—In modern forms of road-construction a distinction is

made, based on the character of the road-covering, between roads whose
surface is formed of broken stone in small fragments and roads whose sur-

face is composed of prepared blocks of regular form. The first are used

chiefly for country roads; the last, for the streets of cities. Roads of broken

stone have been variously constructed at different periods and in different

countries, as the following historical summary will exhibit.

TresagueVs System^ introduced in France toward the close of the eigh-

teenth century and still in use in some districts, is shown in Figure 3.

The road-bed is prepared by removing a section of earth of suitable width



Roads.] ENGINEERING. 15
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and depth to form the body of tlie road, which, after proper levelling and
compacting with rammers, to give it a horizontal or slightly-arched form,

constitutes the floor of the road-bed. At the side are laid border-stones,

which serve to establish the surface-level, and between these is laid a sub-

pavement of wedge-shaped stones about 4^:^ inches thick and ii3/( inches

high, flat side down and tapering parts upward. The spaces between the

apices of these pyramidal stones are filled out with smaller stones, which are

driven down with a heavy rammer until the top of the foundation-layer has

assumed a tolerably uniform surface. Upon this is placed a layer of rather

coarse yet evenl^'-broken stone, which is gone over several times with a

roller of about 60 cwt., and upon this, in turn, comes the top layer of

finely-broken stone, evenly spread and levelled, first with a roller of 60

cwt., which for finishing should be followed by one of 150 cwt., or even

heavier.

Macadamised Roads.—In the early portion of the present centur}' Eng-
land contributed greatly to the advancement of road-building through the

labors of Macadam and Telford, who were the pioneers of good road-con-

struction in the United Kingdom, and whose methods have since been

more or less closely copied. In the system recommended by Macadam, and
since known by his name, the road is constructed entirely of layers of stone

broken into fragments of uniform size and approximating the cubical form

(the largest of which should not exceed \Yz or 2 inches in its greatest

diagonal length); the successive layers are then evenly rolled down. The
present practice is to prepare at once a comparatively hard surface for traffic.

A road of this construction is exhibited in Figure 4 (//. 20). If stone of

the best quality cannot be had for the entire road-body, the hardest and
toughest materials should be reserved for the upper layers—say to the

depth of 6 inches. Macadamized roads are in very general use in Great

Britain and on the Continent, and to some extent also in the United States.

They cost comparatively little for maintenance, and they present a sur-

face so compact that water will penetrate it only with diflSculty.

The Telford Road^ in general principles of construction, is not unlike

that of Tresaguet, above described, in being formed of a sub-pavement of

stone blocks with layers of broken stone. The materials laid upon the

bottom course were, like Macadam's materials, angular fragments of hard

stone broken into small pieces, gradually decreasing in size toward the

top, where they formed a fine, hard surface.

Character of t/ie Road-bed.—The thickness that should be given to a

roadway of broken stone must be determined by such considerations as the

supporting power of the soil, the climate, the hardness and toughness of

the stone covering, and largely by the kind of traffic it is intended to sus-

tain. It is safe to assume that a road-bed of well-consolidated materials,

if designed for heavy traffic, should have a thickness of from 10 to 12 inches;

ifdesigned for light traffic only, the thickness maybe reduced to 6 or 8 inches.

French road-engineers consider 10 inches sufficient in France for the most
important roads. Macadam's practice varied from 6 inches as a minimum
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to lo inches as a maximum. The surface of the stone roadway, that it may

quickly shed water, must be given a suitable inclination from the centre to-

ward the sides; so that its cross-section may have a slightly-arched form,

varying in degree of curvature according to the grade—flatter where the

grades are steep, and vice versa.

The material constituting the road-covering should be hard, tough, and

durable, non-absorbent of water, free from clay or other earthy admixture

which would interfere with the proper interlocking of the broken stone,

and capable of yielding good cubical fragments with the minimum of spalls

and splinters. The best road-coverings are furnished by quartzite, the

basaltic, doloritic, and other trap-rocks (greenstone), and the hardest and

toughest feldspathic rocks, such as porphyry, syenitic granite, etc.

Gravel Roads.—Where good material for macadamized roads is not

accessible, gravel affords a fair substitute; indeed, with proper attention

to construction, this material possesses all the essential requirements of a

good roadway. Gravel roads, if subjected to heavy traffic, are inferior to

those of broken stone, but for light traffic and where they are properly

maintained, they are in all respects admirable. They are very popular for

suburban and park roadways. Tlie directions laid down by Gillmore in

his treatise on Roads, Streets., and Pavemetits concisely state the conditions

to be observed in the building of a good road of this material. This au-

thority calls special attention to the capital distinction that should be made

between gravel that will pack under travel and clean rounded gravel that

will not pack. The packing quality of the first sort is due to the presence

in it of a small proportion of clayey or earthy material ; while seaside and

river-sand gravel, being composed almost entirely of water-worn and

rounded pebbles of all sizes, which slide easily upon one another, will not

pack unless some material possessing a binding quality be mixed with it.

Pit-gravel, on the other hand, usually contains too much earthy matter.

The gravel for the top layer, at least, should be hard and tough; otherwise,

the material will soon be pulverized, making the road very dusty in dry

weather and very muddy in wet weather. It should be composed of particles

from j4 to i}4 inches in dimensions, and should contain enough sandy and

clayey loam to bind the particles together firmly.

Co;/str?/ct/on ofGravel Roads.—In preparing the bed of a gravel road, an

excavation should be made to the depth of lo or 12 inches, and of the proper

wndth, to receive the gravel. This is where the road-bed is in soil. Where
the bed is rock, it is recommended to interpose between it and the gravel a

layer of earth, to prevent the gravel from wearing too rapidly. The sur-

face of the sub-grade thus excavated should preferably be given the same

slope from centre toward the sides as that intended to be given to the road-

surface. The bottom layer should be of unscreened gravel, about 4 inches

thick, evenly raked on the entire surface and then compacted by the i»se of a

road-roller. The roller used for this purpose and for the preliminary con-

solidation of the upper layers should not be heavier than one and one-half

to two tons; a much heavier roller (five to seven tons) should be used for
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the top layer. When the bottom layer has been made tolerably firm, a
second layer of 3 or 4 inches' thickness is laid on, and treated in the manner
above described; and this operation is repeated nntil the roadway has re-

ceived the required height and form. The top layer should be of screened

gravel of the quality spoken of above, and the thickness of the entire bed,

when properly consolidated by rolling, should be about 12 inches. Pro-

vision for drainage must be made by means of side-ditches; and where such
a road has been constructed upon soil of a loose or porous texture, these will

usually suffice to drain the road thoroughly to the depth of a foot or more
below the bottom of the bed; where the sub-soil will not admit of such
free drainage, this should be facilitated by cross-drains introduced at proper
intervals below the road-covering.

Deterioration ofRoads.—The stone roadway is no sooner given over to

traffic than it is subjected to destructive influences. These are partly

physical and chemical, due to the atmosphere and weather, but chiefly

mechanical, due to the wheels of vehicles and the hoofs of horses, which
abrade and crush to pieces the superficial layer of stone. In dry weather
this pulverized material forms a disagreeable dust which the rain

converts into mud. If this is allowed to accumulate in considerable

amount, it seriously impedes traffic by forming ruts, and acts injuriously

upon the road itself by retaining moisture upon its surface. A thin coat-

ing of pulverulent material is not objectionable—on the contrary, may
even be advantageous as a species of protection to the surface of the road-

way; but when this has exceeded a certain limited thickness, its removal
becomes absolutely necessary.

Traffic and Maintenance.—The capacity of a given roadway to support

a given amount of traffic stands in close relationship with the condition

in which it is maintained. This is so well known that, in the leadine

European countries, excellent systems of road-administration are in vogue,

certain features of which might with much advantage be copied in the

United States, where the subject of the proper maintenance of roads rarely

receives the attention which its importance demands.

Measured in terms of the life of draught-animals and the wear and tear

of vehicles, the advantage of maintaining roadways in the highest condi-

tion would be evident from economical considerations alone, as the follow-

ing example, given by Gillmore, will demonstrate: Take the case of a well-

made broken-stone road clean and dry, and compare it with the same road

in a wet and muddy condition. It appears from the formula established

by Sir John Macneill that " a stage-wagon weighing 1500 pounds, in order

to carry a load of 1500 pounds at the rate of 5 feet per second {2,1}, miles

per hour), will require the constant exertion of a force of 943,^ pounds on
the dry and clean road; while to move it at the same rate on the same road

in a muddy state will require the constant exertion of a force of 119^
pounds."

Here, therefore, is an increase of about 28 per cent, of force expended,

which increase is due entirelv to the neglect of the condition of the road-
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surface. Taking the case of a road between two cities, ten miles apart, and

assuming that a certain amount of freight will have to be conveyed over

the road each day, whether the road be in good or bad condition, it has

been established that if the assumed traffic could be carried without un-

usual fatigue by the daily service of fifty-four draught-animals when the

road is in good condition, clean and dry; when the road is covered with dust

the number of animals required to perform the same service will be in-

creased to sixty-three; and when this dust is converted into mud, the num-
ber required will be si.xty-nine.

From these data it is calculated that the extra cost of conducting the

traffic on the road, due to its neglected condition, will amount to five thou-

sand dollars per year. In this comparison the same road-bed has been under

consideration—a good substantial one—in the one case kept clean, and in the

other covered with dust or mud. If the comparison be instituted between

a good road and an inferior one, the contrast will be even more instructive.

The accompanying tabular statement, based on the experiments of M.
]\Iorin, exhibits the actual relation of animal force to traffic on diffisrent

kinds and conditions of roads. The load and vehicle are assumed to be

the same in each case:

Kind and Condition of Road.

Relative number
of horses

requircti for a
given traffic.

Broken-Stone road, very dry and smooth
Oaken platform, or plank road, in good condition . . . .

Broken-stone road, moist and dusty

Caiise\A'ay of earth, or dirt road, in good condition . . . .

Hrcjken-stone road with ruts and mud
Broken-stone road witli deep ruts and thick mud ....
Solid causeway of earth covered with ij^ inches of gravel

5°

59
71

112

192

Width ofRoads.—In respect of the width of roadways there is no fi.xed

rule. This will depend upon the a-mount and nature of the traffic that the

road is calculated to sustain. The narrowest roads are found in mountainous
districts, as in Switzerland, the Tyrol, etc. In Germany the width varies

from 60 feet (including foot-wa}-) to 20 feet, for roads intended for heavy
teaming. In Prussia the width varies from 40 feet to 25 feet. In France
there are four classes of roads: (i) 66 feet in widlh, of which 22 feet in the

middle are stoned; (2) 52 feet, of which 20 feet are stoned; (3) 33 feet, of

which 16 feet are stoned; and (4) 26 feet, of which 16 feet are stoned.

In England the roads are comparatively narrow, the average being

about 25 feet. In the United States there is no uniform practice. The
rules laid down by Gillmore are followed in a general way in the well-

populated districts. These are as follows: For the principal thoroughfares

prepared for vehicles between cities and large towns a width of from 27 to

30 feet will be ample, but this width should be increased within or near

the cities to 40, 50, or even 60 feet, where the amount of traffic is large

and where there is considerable light traffic and pleasure-driving. For
cross, branch, and ordinary- town and country roads the width of the stone-

bedded portion may be reduced to from i6^i feet to 17 feet, which will be
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sufficient for two wagons of largest width to pass each other without dan-

ger of collision. The width of the principal streets of cities is usually

greater than that of the roads above described. In this particular certain

American cities afford conspicuous examples.

Passing now to another branch of the subject—namely, paved roadways

iu towns and cities—a number of diverse systems demands consideration.

Paz'cd Roads.—Where stone is used for the purpose, the material should

possess the needful hardness and durability for its intended service. It

should likewise permit of being readily dressed into blocks of regular form.

Granite and the hard and dense varieties of sandstone and limestone, in the

order named, are found best suited for this service. Where these are not

available, rubble and cobble-stones are frequently substituted therefor,

though these make a much inferior pavement. A good stone pavement is

more costly to lay than a macadamized roadway, but affords an easier sur-

face for traction and is less expensive to maintain.

Paving-stones.—The quality of a stone-paved street depends largely

upon the form, size, and mode of setting the paving-stones employed in its

construction. In the most approved system, where the stones are laid iu

regular lines or courses, they are given the form of rectangular blocks,

sometimes slightly tapering toward the lower end {pi. 20, figs. 5, 6). The
smoother the blocks, the more intimate will be the contact between them,

and consequently the more solid the resulting structure. In respect of size

there is some difference in practice, but it may safely be stated that, to

afford the best possible foothold for horses, the individual blocks should be

no broader (in the direction of the draught) than the length of a horse's

shoe—that is to say, from 4 to 4 J'2
inches, as a maximum. Their depth from

top to bottom should be sufficient to avoid any disposition to tilt to one

side when a weight comes upon the other—and for this dimension a little

more than twice the horizontal breadth has been found a good proportion

—and their length crosswise of the street, to insure an ample area of bear-

ing-surface on the foundation, should be at least equal to their depth, and
may advantageously be somewhat greater than this.

From these data the most approved dimensions for a paving-block

would therefore be as follows: Breadth (measured along the street), from 3^<
to 4J j inches; length (measured across the street), from 9 to 12 inches, or

even 15 inches; depth, from 8 to 10 inches. The stones are laid closely in

contact on edge and in continuous courses, the direction of the individual

courses being usually directly across the street {fig. 8). Sometimes they

are laid at an angle of from 45° to 60" with the axis of the street, with

the object of lessening the tendency to wear into a convex surface. On the

steep grades the plan of laying the blocks in two sets of diagonal courses

is sometimes followed, as is shown in Figure i (//. 21). The courses meet
in the centre of the street, with the angle pointing up the incline. The
joints slope downward and facilitate the drainage by directing the surface-

water, right and left, into the gutters. In all cases the successive courses

must be laid so as to "break joints" {pi. 20., fig. 8).
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Foundation ofPaved Roads.—In respect of the foundation, this may be

concrete, or rubble-stone filled in with concrete, in which case it is recom-

mended by the best constructors to lay each stone solidly in a bed of cement-

mortar, and to use the same material or bituminous mortar between the

joints; or the foundation maybe of sand or gravel, or of broken stone. In

the latter case the paving-stones are set in a layer of sand or gravel spread

evenly on the foundation, after which they are rammed with a heavy

wooden rammer, and the finished surface is then covered with a thin layer

of clean sand or fine gravel, which gradually works its way between the

joints in the pavement (//. 20., Jigs. 5, 6). Where, from scarcity of suitable

material or for economic reasons, stone blocks are inadmissible, recourse is

had to cobble-stone or rubble-stone as a substitute.

The Cobble-stone Pavement is formed of rounded, water-worn stones,

usually egg-shaped, which are selected so as to be as nearly uniform in size

as possible; the best material averaging from 6 to 10 inches in length and

from 3 to 6 inches in width. These stones are set as close to one another

as possible, with the smaller ends down, in a foundation formed of a bed

of sand or fine gravel, which should be from 8 to 10 inches deep. After

they have been set in position the cobbles are rammed down firmly, to give

a uniform and slightly convex surface, and over the surface is spread a layer

of sand or fine gravel, which works its way in between the stones. This

form of pavement is in very common use throughout the United States,

but is much inferior to the stone-block pavement.

The Rubble-stone Pavemefit is composed of stone fragments of various

irregular shapes and sizes laid as closely together as possible; the appear-

ance of such pavement is shown in Figure 2 {pi. 21). Stone suitable for

this purpose may generally be obtained with little difficulty from the ref-

use of stone-quarries. The flat surfaces of such material afford a bet-

ter foothold for draught-animals than the rounded surfaces of cobbles, and

less tractive power is required than on the latter. As compared with the

cobble-stone, therefore, the rubble pavement is preferable. The best sizes

for the rubble-stone are a breadth of from 3 to 6 inches, a length of from

6 to 12 inches, and, as a minimum for stability, a depth of 6 inches. The
rubble pavement is laid in the same manner as the cobble pavement, on a

foundation of sand or gravel, each stone being carefully placed in position

by hand and the entire surface afterward rammed down to the required

level. The stone pavement is terminated laterally by the curb, which serves

both as the limit for the sidewalk and as the side-wall for the gutters, which
run along the sides of the street and serve to drain it through openings,

placed at proper intervals, which communicate with the sewers. To facili-

tate drainage the street is given a slightly-arched form in cross-section.

Tile Pavements.—In the Netherlands and the coast-region of Hanover
and Oldenburg, in default of suitable material for stone pavements, hard-

burnt tiles are made to serve as a substitute {pi. 20, pigs. 7, 9). Before set-

ting these tiles, the foundation, which is made of the most porous materials

obtainable, is carefully rammed or rolled, and is then scraped off into the
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proper arched section with a scraper. The curbstones in this construction

are formed either of natural stones or of several rows of tiles set on edge.

The finished roadway commonly receives a thin covering of sand.

Cast-iron Pavements have been tried experimentally, but the result has

not been sufficiently satisfactory to encourage their general adoption.

Figures 12 and 13 {pi. 20) exhibit the appearance of such a pavement laid

down in New York City. It was formed of cast-iron blocks, each having

the form of two concentric cylinders strengthened with radial connecting-

ribs. The vacant spaces were filled with hard-rammed earth or gravel.

Figures 16 and 17 represent a cast-iron cellular pavement with connected

ground-plate.

Wooden Pavements.—Pavements of wooden blocks, usually placed on

a foundation of wooden flooring, have been extensively introduced. They
were at one time extremely popular in the United States, and were in use

in nearly every important city (notably in Washington and Chicago), but

of late they have fallen into disuse. On the other hand, they appear to be

growing in favor in Europe, and have recently been adopted to a consid-

erable extent in Berlin and other cities of Germany.

Asphaltum Pavements.—Streets and roadways of asphaltum have been

laid down in Paris, London, Berlin, and other European cities, and in

many of the cities of the United States, Washington being a notable exam-

ple. The Lrondon asphalt pavement is made of a layer of freshly-ground

asphalt, 2 inches thick, laid upon a foundation of 8 inches of concrete and

compressed by the use of heated iron rollers. Tlie powdered asphalt is laid

on very hot, but not melting, and after compression and cooling at once

assumes the solidity of the natural rock-asphalt. The high price of this

material has led to many attempts to prepare artificial substitutes, for

which purpose mixtures of tar, pitch, and granulated limestone have com-

monly been resorted to. In the United States enormous sums have been

squandered in experiments upon various form of concrete and mastic and

pseudo-asphalt pavements. These have commonly been called asphalt

pavements, although usually composed of coal-tar, pitch, etc. These ex-

pensive failures served for a time to bring the merits of the true asphalt

pavement into disrepute. The disposition of such inferior substitutes to

soften and to become sticky in hot weather explains the appropriateness of

the name "poultice" pavements, which was coined to describe them.

The true rock-asphalt is a limestone saturated with about 12 per

cent, of bitumen so thoroughly as to be hard, tenacious, and waterproof.

Asphaltum itself is an oxidized hydrocarbon found in Trinidad and other

localities. It is brownish in color, tough and hard, and withstands a tem-

perature of 170° Fahr. unaltered. In many of the chief European cities

roadways and footways made of the natural rock-asphalt, disintegrated by

heat and afterward mixed with suitable proportions of the free bitumen

to form a mastic, are found highly satisfactory. In the United States,

asphaltum pavements of unexceptionable quality, both for streets and for

sidewalks, have lately come into vogue. The asphalt employed is that from
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Cuba or Trinidad. The city of Washington especially is well paved with

asphaltum roadways.

S/oiie, Asphaltitm^ and Wooden Pazcincnts Compared.—The following

conclusions resj^ecting the relative merits of the principal varieties of road-

ways in cities—namely, stone-block, wood, and asphaltum—appear to be

warranted by experience. Denoting the asphalt, the stone-block, and the

wood-block by their respective initials. A, S, and \V, they may be arranged

as follows, in the order of their excellence:

Ease of traction A W S

Minimum destruction of vehicles A W S

Comfort to driver A \V S

Foothold to horses, dry W S A
" " " wet A S W

Freedom from noise A W S
" " dust A W S
" " mud A W S
" " exhalations A S W

Facility of cleaning A S W
Durability S AW
Accessibility to pipes and relaying S AW
Sidewalks and Crossings.—Respecting sidewalks it is unnecessary to

say more than that they are commonly laid out so as to be slightly elevated

above the level of the street, the surface-covering consisting of flagging,

bricks, etc., with a good fall toward the curb for drainage, the object being

to render them passable with the least inconvenience and personal discom-

fort at all times, in wet and dry weather. In certain cities, where the

street traffic is so great as to make the crossings dangerous for foot-passen-

gers, it has been found necessary to throw an elevated footway across the

street. A crossing of this kind is shown in Figure 31 (//. 20), which exhibits

a structure that was at one time thrown across a much crowded portion of

Broadway, in New York City. Upon country roads the material excavated

in forming the road-bed and the drainage-ditches is commonly disposed at

one or both sides of the road, thus constituting one or two banks which

serve as footways.

Mechanical Appliances: Sione-crusJicrs.—For preparing road-material

at low cost and in quantity, mechanical appliances of various kinds are

employed. Of these one of the most effective is the Blake stone-crusher,

an American invention which has come into very general use {figs. iS,

19). This machine has a strong frame of cast iron which serves to support

the working-parts. In Figure 18 one side of this frame is removed to ex-

hibit the construction. The frame carries in suitable bearings a shaft hav-

ing a double fly-wheel, and on one end a driving-pulley which receives a

belt from a steam-engine. Between the bearings the shaft is furnished

with an eccentric. To this eccentric shaft is attached a hea\'y rod, or pit-

man, connecting with two toggle-levers. On the forward end of the frame

there is a fixed jaw, against which the stones are crushed. Opposite to

this is a movable jaw, pivoted at its upper end, its face placed at an acute
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angle with that of the fixed jaw, leaving between the two faces a wedge-

shaped orifice or passage, through which the broken stone is forced to

pass.

At each revolution of the eccentric shaft the rod or pitman rises and

falls, actuating the toggle-levers, which in turn cause the movable jaw to

advance a short distance toward the fixed jaw, and to return by its own
weight when the pressure of the toggles is withdrawn. This return-move-

ment is aided by the elasticity of a rubber spring connected by means of a

rod with the lower end of the movable jaw. It will appear that a stone

dropped into the wedge-shaped opening between the jaws will be broken

at the next bite, and, falling lower down, will be broken again and again

with each succeeding bite, until the fragments pass out at the bottom as

shown. By adjusting the wedge—seen at the back of the machine—in-

serted between the end of the frame and the toggle-block, the opening be-

tween the jaws may be regulated so as to cause the machine to deliver the

broken stone of any required size.

The machine delivers the crushed stone into a revolving cylindrical

screen placed in an inclined position. The meshes of this screen are ver}'

small at the upper end, and from 2^ to 2}/^ inches square in the middle

and lower portions. B\' this arrangement the dust and fine particles are

screened out in the upper end, while the uniformly-broken fragments pass

through the meshes of the lower part and are ready, without further prepa-

ration, to serve for road-material. The few larger fragments which may
have escaped proper crushing, and which, being too large to pass the

screen, issue from the lower end of the cylinder, are returned to the ma-
chine to be broken again.

The jaws of this machine are commonly faced with case-hardened blocks

of iron, which can be turned over when worn and cheaply replaced when
necessar}'. These working-faces as a rule are channelled with a series of

coarse vertical furrows placed so that the ridges of one face are opposite

the depressions of the other; the obvious intention of this artifice is to pre-

vent the pas.sage of long and and slender fragments of rock. Where the

nature of the work makes it expedient, several machines are employed—

a

large crusher to break the rock into pieces of moderate size, and a smaller

one to reduce these to the required size. These machines are commonly
speeded to make from 200 to 250 revolutions per minute. They are built

of various sizes, ranging from four to twelve horse-power, and iy capacity

from 3 to 7 cubic yards of broken stone per hour.

Gravel-screens.—For sorting material, such as pit-gravel, etc., contain-

ing pebbles of all sizes, two wire screens are commonly used, having

meshes of different aperture. The largest pebbles, which will not pass

the first, may be rejected or broken to smaller dimensions; the earthy and

other foreign material that pa.sses the second screen may answer for the

sub-layer, while that which is retained by the second screen, preferably

after another screening, will be reserved for the road-surface. Screening-

machines for sorting such fine and coarse materials are sometimes employed.
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One of these, a German machine devised by Augustiu, is shown in Figure

20 (//. 20).

Road-rollers.—The construction of compact and durable roads of broken

stone has been rendered practicable only since the introduction of the road-

roller (proposed by Cessart in 1787, and in universal use since 1830). The
effect of proper rolling in consolidating the materials of the road-bed will

best be understood from the statement that the vacant spaces between the

individual fragments in unrolled roads are at least three times greater than

in rolled roads. The improved road-roller in present use consists of a hol-

low cylinder of cast-iron, which, compared with the solid stone roller, has

several advantages, the chief of which lies in the fact that it admits of hav-

ing its weight gradually increased—an important feature in connection

with the serviceability of this apparatus. The increase of weight of the

roller is effected either by weighting-boxes (/>/. 20, figs. 21, 22)—which
' may be loaded with stones, sand, and the like, and which for convenience

of filling and unloading should be carried as low down as possible—or by

filling the hollow cylinder itself with broken stone, sand, or sometimes

with water {Jig. 23). When the cylinder is charged with water, it is al-

most needless to add that precaution must be taken to guard it against

freezing.

In order to facilitate the hauling of the roller over rough roads and to

guard against its upsetting, the framework is provided with wheels adjust-

able in height in relation to the axis of the cylinder {Jigs. 21, 22). This

provision is unnecessary with rollers of moderate size. To avoid the turn-

ing of the heavy roller every time it is required to go about in the opposite

direction, the frame is sometimes fitted with a tongue or shaft on both

sides; or the frame is made in the form of a ring, with which the tongue

has a swivelling connection, so that the horses can carry the tongue around

with them to the opposite side of the roller without being unharnessed.

In the German practice of road-making, the weight of the roller may
vary from two and one-half tons unloaded to ten tons loaded. Gillmore,

who is good authority in American practice, commends for gravel roads a

roller weighing from one and one-half to two tons for the bottom layers,

a six-ton roller for the top layer, and for macadamized roads a twelve-ton

roller. The heavy roller constructed for the New York City Department

of Parks weighed si.x and one-half tons and could be loaded to twelve tons.

It was byilt of two hollow cylinders of cast iron set abreast on a strong

wrought-iron axle, working together a length of 5 feet, with a diameter of

7 feet. The cylinders were set in a timber frame, and in the ends were

pro\-ided with apertures through which broken stone, gravel, etc., could

be introduced, by means of which the aggregate weight of the machine
could be increased to twelve tons.

Steam Road-rollers.—Road-rollers propelled by steam-power have

lately been used to some extent, and with satisfactory results. Figure 24

(//. 20) exhibits a machine of this class built by Aveling and much used

in England. This machine has two driving-rollers in front, one of which
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runs loose on its axle to enable the machine to turn short curves. The
driving-axle is rotated by chain-gearing from the crank-shaft, and similar

gearing is used for connecting the steering-wheel v.'ith the two large rollers

at the rear. These are journaled in a turn-table, which may be rotated

horizontally by the steering-wheel to guide the machine in any direction.

The machines are of four sizes, weighing respectively fifteen, twenty, twenty-

five, and thirty tons. In the heaviest, shown in the picture, the driving-

rollers weigh six tons, have a diameter of 7 feet, and are 2)^ feet long.

They have a clear space between them of about 4^ feet. At the rear are

two heavy rollers, placed close together. These are each 2 ^4 feet long and

act as a single roller of 5 feet, passing over that portion of the road which

the front rollers leave untouched. The entire machine is self-contained

within the frame, and its movements are readily controlled by the engine-

driver. Its weight is so distributed that nineteen tons rest upon the front

rollers and eleven upon the rear rollers.

Sweeping-iiiachincs.—Besides the common brooms and wooden scrapers,

dust-sweepers like that seen in Figures 25 and 26 {pi. 20) are employed

for street-sweeping. Figures 27 and 28 show a form of sweeper used upon

the macadamized streets of Paris. This consists of a suitable framework

or body mounted on wheels and drawn by horses. It carries at the rear

end a cylindrical brush about 45^ feet long, having its axis placed obliquely

to the axle of the wagon. As it moves along, therefore, it sweeps the mud
from the middle of the street to one side, and a second machine, of the

same kind, coming after the first, sweeps the stuflT into the gutter. The
brush is rotated by means of an endless chain driven by suitable gearing

from the axle of the wagon, and by means of a lever may be lowered to the

street surface and put in rotation, or thrown out of gear by raising it up

when not required to sweep. One such machine, it is calculated, will do

the work of thirteen men, and represents a saving over hand labor of about

50 per cent. The ridges of dirt left by the sweeper are removed in the

usual manner with shovels and carts, or the operation may be assisted by

the use of mud-scrapers of the pattern shown in Figure 29.

It may be interesting in this place to take notice of several more elabo-

rate devices invented and used to some extent for the removal of street

dust and mud. Figure 3 {pi. 21), for example, exhibits in section a street-

sweeping machine in which a cylindrical brush is set in rotation by means

of gearing from a spur-wheel on the driving-axle. The driving spur-

wheels engage pinions turning loosely on the counter-shaft, but clutched

thereto in such a manner as to allow of free rotation in one direction. The
rotary brushes, which obtain their motion from this shaft through chain

gearing, deposit the mud in the dumping-receiver, placed directly in front

of them. Another form of machine is seen in Figure 4. In this, the street

dirt is swept into a receiver by means of an endless belt set around with

brushes and actuated by gearing from the driving-wheels. In American

cities sweepers provided with one or several brushes set obliquely to the

driving-axle and actuated therefrom are in common use for removing ac-

VuL. v.—

U
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cnmtilations of snow and ice from the tracks of the street-railways. With

these the snow is thrown np into ridges on one or both sides of the street.

Slrcct-sprinklers.—To lay the dnst in advance of the sweeper, various

forms of street-sprinkling devices are used. One of these is shown in Fig-

ure 30 (//. 20). This consists of a line of water-pipe connected with flexi-

ble hose-sections and provided with a suitable nozzle. The line is mounted

on swivelling rollers, so that it is readily portable, and when required for

use is connected with the city service-pipes, as seen in the sketch. On the

streets and in the parks of American cities there are used, during tlie warm
season, various forms of sprinkling-carts, from which the water is dis-

charged in a spray, the flow being controlled by a valve operated by the

driver; these carts are drawn by horses or mules.

2. Vehicles.

Historical.—The term vehicle, in its widest application, embraces all

structures employed for the purpose of transportation of merchandise and

of human beings. Specifically, vehicles which are hung on springs and

used for pleasure are termed carriages. Four-wheeled vehicles used for

carrying goods and heavy loads are commonly called -cagoiis^ and two-

wheeled vehicles without springs are carts. In ancient times the only

vehicles were two-wheeled carts, called chariots, which, were used both for

pleasure-riding and in war. A Greek tradition attributes the origin of

wheeled vehicles to Erechthens, the first king of Athens, about 1400 B. c,

but the first form of wheeled vehicle is known to have been in use as early

as 2000 B. c.

Egyptian Vehicles.—We possess ample information as to the btiild and

decoration of the chariots of the Egyptians from their sepulchral paintings.

The Egyptian chariot, which was used in state processions, in warfare, and

for racing, was constructed principally of wood, and rested on an axle, upon

which the wheels were secured by linch-pins. Frequently the wheels were

fixed to the axle, which turned with them. The chariots invariably had

two wheels, which were secured at the junction of the fellies with clamps

or bands of bronze, and bound with a tire of that metal.

Greek Vehicles.—The Greek chariot had an axle usually made of oak,

ash, or elm, though Homer describes the chariots of Juno and Neptune as

having metallic axles. The wheels of the Greek chariots were about 4
feet in diameter, and each consisted of a nave (bound with an iron ring),

spokes, fellies of elastic wood, and a heavy iron tire, and were fastened to

the axle by pins.

Roman Vehicles.—The Roman triumphal chariots, which were usually

of ivory, adorned with the titmost skill, and drawn by a number of white

horses, were the chief featvires in the processional celebrations. In the

Roman games chariots were often decorated with sculptures enriched with

gold and ivory. The Romans had one-wheeled vehicles, which were drawn
by slaves, and also vehicles with two and four wheels. They had carriages

adapted for two, three, and four horses, and it was among the Romans that
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the use of carriages as a private means of conveyance was first established,

and their carriages attained a great variety of form and richness in orna-

mentation. Because of the narrowness of the roads and the crowded con-

dition of the streets in Rome, carriage-travel was restricted to a few persons

of high rank. For making long journeys and conveying large parties, the

r(Eda and carruca were mostly used, but their construction and arrange-

ment are unknown. The carrucce^ which are said to have been gorgeously

trimmed, had no springs. During the Empire, the carriage which appears

in representations of public ceremonials is the carpentuin, a very slight

vehicle with two wheels, sometimes covered, and generally drawn by two

horses. The sirpca, which originated with the Gauls, by whom it was
called boina, was an ancient form of vehicle employed for the conveyance

of persons and goods. The body of this vehicle was of osier basket-work.

The esscdiim was a two-wheeled carriage, whose form the Romans copied

from the war-cars of the Belgre. The arcena was a covered carriage for the

use of the sick and the infirm. Covered carriages become more and more
the appendages of Roman pomp and magnificence, and sumptuary laws

were enacted on account of the public extravagance, but these were little

regarded, and were entirely abrogated by the emj^eror Severus. With the

fall of Rome, carriages fell into disuse.

French Vehicles.—Carriages were in use in France to a limited extent

at a very early day, but for a time they were restricted to the sick, to

royalty, and to ambassadors. Philip the Fair, in 1294, issued an edict by
which the wives of the citizens were forbidden to use them. At Paris, in

the fourteenth, fifteenth, and sixteenth centuries, the French monarchs

rode on horses and the servants on mules. Carriages did not grow in favor

very rapidly, and we find that in 1550 there were only three in Paris—one

belonging to the queen, one to Diana of Poictiers, and the third to Rene
de Laval.

German iThicles.—In 1474, Emperor Frederick III. visited Frankfort

in a close carriage, and again in the following year in a magnificent cov-

ered carriage. Shortly afterward carriages began to be splendidly deco-

rated. At the tournament held at Ruppin in 1509 the carriage of the Elec-

tress of Brandenburg was gilded all over, that of the Duchess of Mecklen-

burg was hung with red satin, and the carriages of twelve other ladies of

rank were elaborately lined and ornamented. The wedding-carriage of

the Emperor Leopold's first wife, who was a Spanish princess, cost,

together with the harness, three thousand eight hundred florins. The car-

riages of the emperor are described as of no great magnificence; they were

co\'ered with red cloth fastened with black nails, and the whole work was

without gilding. The panels of the carriages were of glass, and for this

reason they were called the imperial glass coaches. These were distin-

guished only by having leather traces, but the ladies in the imperial suite

were obliged to be contented with carriages having traces of ropes. The
harness was black, but on festival occasions it was ornamented with fringes

of red silk.
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English Vehicles.—The introduction of coaches into England took place

during the sixteenth century, and has been credited to Sir Thomas Cham-
berlayne, who was ambassador to the courts of Charles V., Philip II. of

Spain, and the king of Sweden. The oldest carriages used in England
were known as chares, cars, chariots, carrouches, and whirlicotes. The
earliest English coaches are described as consisting of a body covered by
canopies, which were supported by pillars and surrounded by curtains of

cloth or leather, which could be folded up when desired. The coaches

were without springs, and were driven by a postilion, who rode the near

wheel-horse. The driver's seat was added at a later date. Glass windows
are said to have been first used in 1631 in the carriage of Mary, queen of

Spain. The best-known English coaches possessing a history are Her
Majesty's state-coach and that of the lord mayor of London. The latter

is the older, having first been used in 1757 for the procession of Sir

Charles Asgil, lord mayor elect. The body of this remarkable vehicle was

not supported by springs, but hung on heavy leather straps, and the vehi-

cle was richly ornamented with carving, painting, and gilding. The royal

state coach, described as "the most superb carriage ever built," was
designed by Sir William Chambers, the paintings on it were executed by

Cipriani, and the work was completed in 1761. The entire carriage was
beautifully adorned with carved work and gilding. It was 24 feet in

length, 8'^ feet in width, 12 feet in height, and weighed four tons.

Enormous sums were lavished upon the carriages of the wealthy and high-

born in the sixteenth and seventeenth centuries. A state coach built in

Italy in 1629 fo'^ the marriage of Edward Farnese and Margarita of Tus-

cany was resplendent with two thousand five hundred ounces of silver, and

it required the work of twenty-five silversmiths and two years' time for its

fabrication. In Italy artists of note were employed to paint the panels of

the coaches, and in 1516 Pontormo painted two triumphal cars for Leo X.

Figure 8 {pi. 2ij exhibits an English coach of the seventeenth century.

Construction of I 'chicles: Running-gear.—The construction of the vehicle

is quite as important in reference to the amount of load to be transport-

ed as is the nature of the road. In pleasure-carriages carrying capacity

is of secondary importance, the principal object being to secure personal

comfort, lightness, and elegance. For convenience, all road-vehicles may
be classed as two-wheeled and four-wheeled. From the constructive

standpoint, each consists of an under framework (comprising what is com-
monly called the running-gear) and an upper framework, or the wagon-
body. It will suffice for the scope of this work to consider briefly the

construction of the running-gear only. The most important part of the

running-gear consists of the wheels and their axles. The wheels are

made up of the hub, the spokes, and the rim {pi. 20, figs. 36, 37). The
hub consists of a solid block of wood (in rare cases of cast iron) strength-

ened on the outside with bands or rings of wrought iron, a cast-iron or

brass box being let into the centre to serve as a bearing for the axle, which
passes through it. A recess is provided to hold a quantity of grease for
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lubrication. The perimeter of the wlieel is formed of two or more annular

segments of wood firmly united by dowel-pins. When only two of these

segments are used, they are called half-rims; when more than two seg-

ments are used in the rim, they are called fellies. The half-rims, or fellies,

are held firmly together by a circular wrought-iron band called the tire.

This is expanded by heating, then shrunk on, so as tightly to compress

the wheel, and bolted. According to Knight, the circular continuous tire

is of American origin, the practice in Europe, until lately, being to make
the tire in sections arranged so as to break joints with the fellies. The
spokes, usually made of oak (or, for the lighter class of vehicles, of hickory),

are radial arms which connect the hub with the rim of the wheel. The
foot-tenon of each spoke is inserted into a mortise formed in the hub to re-

ceive it, and the rim-tenon is similarly inserted in the rim or fell)'. There

are commonly two spokes to each felly.

In heavy vehicles the wheels are not set perpendicularly to the axis of

the hub, but in such a manner as to incline outwardly, as seen in Figure

35 (/>/. 20), giving them what is technically called "dish." In connection

with this it is found necessary to give a slight downward inclination to the

axle, varying in degree to correspond with the amount of dish given to

the wheel {fig. 35). In the case of light vehicles the spokes are set

straight in the hub, but receive dish by the .shrinking on of the tire.

This artifice is claimed to afford the following advantages—namely, it pro-

vides increased space for the wagon-body, the mud and dirt are more
readily thrown off and away from the wagon, and a certain elasticity and

lateral stiffness are obtained, and, where the roadway is strongly arched,

better contact between roadway and tire is assured.

It is customary to make the bearing portion of the axle slightly taper-

ing, and (at least in American practice) the axle-box is adjusted as snugly

as possible, especially with the lighter class of vehicles. The axle, made
of wrought iron or steel, is given a square section between the bearing-

ends, and is secured by means of clips to the axle-bed (fig. 34). In the

case of carts this axle-bed serves as a carrier of the wagon-body as well as

for the attachment of the shafts {pi. 24, fig. ga).

The running-gear of a four-wheeled wagon comprises a front and back

carriage part, usually joined together by the perch. Figure 32 (//. 20) ex-

hibits a side view of a heavy wagon with the wagon-body removed; Figure

T,T, is a half ground-plan of the same; Figure 34 exhibits half of the front

running-gear; and Figure 35, the same of the back. The axle-bed of the

front part, as shown in the illustration, is connected by iron bands with

the woodwork immediately above it, forming a species of truck through

which the futchels pass for receiving the pole, and to which the pole is

firmly fastened. A suitable .slot is provided in the fore truck for the attach-

ment of the front end of the perch, which likewise is firmly secured to the

hind truck. The wagon-body, of which only the two horizontal support-

ing beams are shown in the figure, rests, with these, directly upon the hind-

truck; in front, however, the supporting beams are joined to a cross-piece
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—the transom—which, in tnrn, is snpported upon the truck of the fore

axle. This transom is connected with the trnck and with the front end of

the perch by the kingbolt, which is passed throngh them, forming a pivot.

It is plain that by this artifice the wagon may be turned about with great

ease, since it permits of considerable lateral deflection of the front axle with

its truck independently of the wagon-body.

The above-described construction is now very generally modified by

dispensing with the perch. Figure 38 {pi. 20), for example, represents an

English farm-wagon of this description, in which the front wheels are car-

ried entirely under the wagon-body. It admits of being moved and turned

about with great ease.

Upon pleasure-vehicles the omission of the perch is quite common, and

has certain advantages: it permits the body of the vehicle to be set lower,

thus facilitating getting in and out, and, by lowering the centre of gravity,

makes the structure more stable. Much attention has also been bestowed

on the construction of the axle-box, and numerous patented inventions

have been introduced having for their object the attainment of greater se-

curity against the coming off" of the wheels when driven at high speed, and

the protection of the axle against rapid wear and cutting by more or less

effective methods of excluding dirt and grit.

Classes of Carriages.—The variety of pleasure-carriages is legion, and

the names by which they are distinguished are often quite arbitrary. The
more recent models embrace the vehicles called, respectively, the landau,

Berlin coach, English coach, extension-front brougham (//. 21, fig. 9),

coupe, landaulette [fig. 12), wagonette, calash, phaeton {fig. 15), buggy

{Jig. 11), Whitechapel, dog-cart, cabriolet {Jig. 13), surrey {fig. 14), rock-

away {fig. 10), T-cart, and numerous others.

Public Conveyances for the transportation of passengers and mail fall in

this category. As early as the beginning of the seventeenth century the

English had instituted a systematic public service of coaches for the trans-

portation of passengers between the principal cities, and the stage-coach has

reached its highest state of perfection in that country. In France they had

for the same purpose, first the slow "diligence," then the " malle-poste,"

and the coaches of the " Messageries Royales " and "Lafitte." In Ger-

many it appears that passenger-posts were first introduced after the Thirty

Years' War, and the "Eilwagen," which came into use at the beginning

of the present century, appears to have been modelled after the practice of

the French.

Hackney-coaches—so called from the French cochc-h-haqiiencc ; that is,

a coach and horse let out for hire for short journeys—were first brought

into use in France during the seventeenth century by- one Nicolas Sau-

vage, who lived at the sign of "St. Fiacre," in the Rue St. Martin, and

hence hired carriages came to be called fiacres., though eventually the

name was restricted to such as were stationed in the streets. Hackney-

coaches were first established in London in 1625. The cabriolet de place—
now shortened into "cab"—came into popular favor in France about the
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middle of the eighteenth century. The original cabriolet was a kind of

gig, inside of which sat the driver, beside whom there was room left for

only a single passenger. Hansom, the inventor whose name is attached to the

London two-wheeled vehicle of the present day, patented his cab in 1834.

It consisted originally of a square body hung in the centre of a square

frame, the two wheels being about 7}^ feet in diameter, the same height

as the vehicle. The prototype of the modern omnibus first commenced
plving in the streets of Paris in 1662, going at fixed hours and at a stated

fare. Soldiers, pages, and livery-servants were forbidden to enter such

conveyances.

In what is now the United States common-carrier lines for transport-

ing goods and passengers were in existence in the early part of the last

century. The special attraction of a line of passenger-coaches established

in 1766 to run between New York City and Philadelphia was that it had

"good stage-wagons with the seats set on springs." The following data

respecting American progress are collated from the rich fund of informa-

tion on the history of transportation collected by Luther Ringwalt. Before

the present century ver}' few steel carriage-springs were used in the United

States. A favorite method of guarding passengers against the jolting and

jarring on rude roads was to hang the bodies of the coaches on strong

leather supi3orts, which, in turn, were sometimes supported by a simple

form of steel spring, and this plan continued to be used extensively during

part of the present century. The "tally-ho" coach, or drag—sometimes

called four-in-hand because drawn by four horses—is an importation from

England. It is a large vehicle built somewhat like a stage-coach, with

seats inside and outside. This kind of conveyance is much used by gen-

tlemen-drivers who wish to carry large parties on the road for pleasure.

Wagon-springs.—The introduction of springs for supporting the wagon-

body and its load, in place of resting this directly upon the axles, repre-

sents a great advance in construction. At first these devices were applied

only to the class of vehicles called pleasure-carriages, but of late years they

have come to be almost universally employed, not only upon carriages and

public conveyances for passenger service, but also upon farm-wagons and

those intended for the transport of merchandise in cities and towns, from

the delivery-wagon of the grocer and baker to the heaviest wagons of

the brewers and of the freight and express companies, capable of carrying

a load of several tons (//. 21., figs. 5, 6).

The advantage to be derived from the use of springs irpon vehicles in-

tended to transport heavy loads was well known many years before their

adoption upon such vehicles became general. At present almost all wagons

used for this form of service (light and heavy freight-wagons) in American

cities are provided with springs, and by their use a great gain is effected in

rapidity of travel, in the weight that a horse (or a number of horses) can

draw, and in the saving of the wear and tear of wagons and streets. A
large proportion of the light freight-vehicles used in country districts are

also furnished with springs.
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In pleasure-vehicles and others in which springs are introduced {pi. 20,

Jig. 39) this feature involves, likewise, certain subordinate modifications

of the mechanical structure. As the pressure of the carriage-bod\- and its

load does not come directly upon the axles, but indirectly through the in-

terposed spring or springs, the effect of the irregularity of the road-surface,

which would otherwise be transmitted from the wheels to the axle and

from this to the wagon-body as a succession of jolting and jarring blows,

is modified by the springs into a gentle vibratory movement in a ver-

tical plane. The spring {fig. 40), therefore, not only renders driving

over the roughest roads, if not positively comfortable, at least endurable,

but also lowers the tractive force required to transport a given load and

notably diminishes the wear and tear of the vehicle. The front truck

of spring-vehicles turns upon a kingbolt, as in the case of the springless

wagon above described. For accurate guiding, the so-called " fifth wheel,"

which is fastened to the futchels and to the axle-bed, is now commonly

used in all forms of wagons.

Ringwalt further notes that few of the minor industries have increased

(in the United States) more rapidh' than the manufacture of carriage- and

wagon-springs, on account of the immense increase in the number of vehi-

cles used and the cheapening of steel through the Bessemer and open-

hearth processes. Thev are now made in great variety, of which it will be

unnecessar\' to give the specific names. Some of the forms in common use

upon freight-wagons are shown on Plate 21 {fig- Ta-e).

U'agon-biiilding.—Great advances are noted by Ringwalt in connec-

tion with the materials and shapes of various parts of carriages; in the

adoption of contrivances for preventing the escape of lubricants; in substi-

tuting iron for wood in parts of vehicles where great strength is demanded;

in improving the construction of axles and wheels; in the mode of fastening

the spokes; in increasing the facilities for turning within a short space;

in designing special forms of vehicles for special service; in decreasing the

weiglit of many classes of vehicles; and, generally, in all the details of their

construction.

In the aggregate these improvements have greatly added to the utility

of wheeled vehicles, and their introduction of late years has enonnously

increased. To what extent this has been the case may be judged from the

statement made at a recent convention of the Carriage-builders' National

Association, that in the State of Ohio alone there are built each year more
pleasure-carriages than are built in England, Scotland, Ireland, France,

and Germany combined. The value of the carriages and wagons manu-
factured and sold in the United States, annually, was estimated some years

ago at one hundred million dollars.

Arrangement and St:e of Ulicch.—From the technical description

which has been given in what has preceded, it is evident that to preserve

the wagon-body in a horizontal position the front wheels must be lower

than the rear ones. This arrangement not only contributes to the ease of

motion of the vehicle, but also permits of the attachment of the traces in
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a more advantageous position. The size of the wheels of vehicles is of

importance. This element varies greatly according to the use for which
the wagon is intended. Thus, for rapid vehicles, the diameter of the front

wheels may be from 2 34^ to 3 feet, and that of the hind wheels from 4 to 4 '<

feet; on heavy freight-wagons, on the other hand, it may be, for front and
hind wheels, from 3 to 31^ feet and from 5^4^ to 6>^ feet, respectively. The
poorer the road, other things being equal, the larger should be the wheels,

since experiment has demonstrated that for a given load the required trac-

tive force on broken-stone roads and paved streets is approximately in-

versely proportioned to the radius of the wheel.

Tlic Wheel ill Relation to the Load.—Since the pressure of a wheel tipon

the road diminishes proportionately with the increase in the width of its

felly, and since this pressure must not exceed a certain maximum, lest the

road be utterly ruined, laws have been enacted in different countries defin-

ing the minimum permissible width of felly for different wheel-loads. By
the rule established by the experiments of Morin and Dnpoint, 275 pounds
of load may be allowed for each f inch of width of felly, and, as extreme

limits for the latter, from 2 J'2
to 434^ inches. Respecting the weights of the

vehicles themselves there are the widest variations, the extreme range be-

ing from ninety-five pounds in the lightest pleasure-carriage to five tons

for the heaviest freight-waq-ons.

Tractiz'e Force.—The resistance to be overcome by a moving wagon
will depend on its construction, the condition of the road, and the rate of

speed, and it will vary between very wide limits. According to Bockel-

berg, the coefficient of resistance—namely, the ratio of the tractive force

to the total weight to be moved—may be assumed to be, on stone roads,

^ to yV> ^iid o" earth roads from \ to j'o-

Animal Poiver.—The drawing-power of the draft animals by which
the resistance above-named must be overcome will depend on their race,

build, bodily condition as regards nourishment, and weight. On the aver-

age the tractive force that will be exerted by an animal motor mav be

taken at one-fourth its weight, so that for freight-wagons heavy horses must
be chosen. With one and the same animal, the tractive force exerted, the

time in which the work is done, and the speed with which the load is

moved are related to one another, so that an alteration of the value of one
of these factors implies the alteration of the other two, unless the animal
be overworked. Thus, under normal conditions, an animal must put forth

only so much power during a given time at a given speed. If it is required to

put forth more power than this, then it must be either at a lower rate of

speed or for a shorter time. Furthermore, each animal has a normal gait

or rate of speed, to maintain which he will require neither to be driven nor

held back. These data have been carefully worked out and mathemat-
ically expressed by Maschek. The effective work of a horse ma}' be
stated in the following terms: The average load which a single horse can

draw at the rate of twenty miles per day (of ten hours) in a cart or wagon
weighing 7 cwt. is iSoo pounds.
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Harnessing.—Furthermore, the mode of harnessing has a decided in-

fluence upon the work the animal is able to perform. In the case of

pleasure-carriages and the like, which commonly run upon good roads and

depend largely for their progress upon the freedom of movement of the

horse, the traces are attached in a horizontal position; per coiiha, in the

case of heavy vehicles and upon bad roads, an inclination of the traces is

found decidedly advantageous, for not only will this disposition enable the

horse to obtain a better purchase against the ground in pulling the load,

but the wagon will be more easily lifted out of the ruts in the track. The
average inclination for the traces may be taken at io°.

Grades.—Upon steep gradients the moving of the load becomes more

difficult, for the obvious reason that the animal must partly raise his own
weight in addition to that of the load. To offset this extra strain upon the

horse, his speed must be lessened. It follows as a matter of course that

the greater the height to be scaled, the more gentle should be the grade of

the road. The best road, other things being equal, is that which has the

smallest number of steep grades; for on such a road the maximum burden

that may be moved on other sections will not be interfered with, since

there will be no necessity to call into service the work of extra horses,

which otherwise would be found necessary. The maximum grade for stone

roadways may be assumed at i : 24, although for roads in mountainous

regions this rule will not hold good.

Summary.—From all that has preceded it will be evident that in laying

out a road the selection should be made of that line which is the shortest,

which shall require the fewest steep grades, and which shall be so situated

as to afford the best opportunity of keeping it in repair. It may not always

be possible to choose the line which presents the greatest advantages from

a technical point of view, in which case the rule will be modified by the

pressure of circumstances.

The subject of roadways leads in natural sequence to that of railways,

which will be considered in the following section.

II. RAILROADS.

A. HISTORY OF RAILROADS AND LOCOMOTIVES.

The railroad—which, thanks to the application of steam as the pro-

pelling power, has become tlie system by which the principal part of the

internal traffic of the civilized nations of the world is carried on—has de-

veloped to its present state from ancient and very crude practices. The
first step in this direction seems to have been to provide a hard and smooth

surface over which heavy bodies could be moved with economy of power.

There is reason to believe that the stones used in the building of the pyra-

mids and temples of ancient Egypt were brought from the quarries upon

causeways formed of large hewn stones over which rollers bearing great

blocks weighing many tons were made to pass. The Romans emplo)-ed

blocks of stoue to form a way upon which heavy burdens could be drawn
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with greater ease than upon common roads, and a similar practice appears

to have been followed hy other peoples of Europe.

Early Tramways.—Some three hundred years ago, in the mines of the

Harz Mountains, in Germany, and somewhat later in the English coal-

mines, wooden tracks were introduced upon which the coal- and ore-wagons

were drawn. The first road of this kind is known to have been laid down
in 1602 at Newcastle, and from this date onward, roads provided with

tracks of one kind or another gradually found their way throughout the

mining districts of England, Scotland, and Wales, and from time to time

their construction was improved. Toward the close of the seventeenth

century they had come into general use, and a century later the utility and
economy of such "tramways," as they were called, had become so well

recognized that considerable sums were expended upon their construction,

the inequalities of the ground being overcome by cutting and filling, as is

done to-day in order to bring the roads to a uniform grade.

The Rail.—The development of the rail proceeded from the crude tim-

ber way above spoken of until eventually it came to be made of iron. At
first this was merely a thin strip of wrought iron or a moulding of cast

iron, to protect the wooden rails from rapid wear. In 1776, a tramway was
laid at Sheffield having cast-iron rails with an upright flange, spiked down
to longitudinal sleepers of timber (//. 22, fig. 4). The cast-iron edge-

rail of Jessop, introduced in 1789, was the first approximation to modern
methods of construction. This rail was of oval section, and in connection

therewith a chair was used—a block of iron slotted to receive the ends of

adjacent rails ijig. 5). The wheels of the wagons were made with flanges

to keep them on the rail, in the manner of those now employed. Since

1830, the T-rail has come into general use. Wrought-iron rails were first

rolled by Birkenshaw in England about the year 1820. The first steel rail

was rolled in 1857 by Mushet at the Ebbw-Vale Iron Company's works, in

South Wales, and at the present time Bessemer steel has almost completely

supplanted iron for this purpose. The rails are made from 15 to 30 feet in

length, and, according to the severity of the traffic they are to withstand,

have a weight of from forty-five to one hundred pounds to the yard.

For drawing the comparatively light loads on the primitive railways, men
or horses were employed, or in the case of steep ascents a loaded train, de-

scending, was made to haul up an empty one by means of cables or bands

passing over fixed rollers. IMore rarely stationary steam-engines were
used.

First Application of Steam to Locomotion.—The successful application

of the steam-engine to locomotion was not actually accomplished until well

into the present century. In 1769, Watt, in England, patented the use of

steam-engines for running carriages on land, but there is no evidence that

he ever attempted a practical application of the idea. The first actual

experiment with a steam-carriage {fig. i) of which there is authentic

record was made by a French army-ofiicer, Nicholas Joseph Cugnot. It was

intended for the transportation of artillery. It consisted of two heavy
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beams of timber extending from end to end. Two heavy wheels were

placed at the rear of the structure, and one heavier but smaller driving-

wheel in front. The steam-boiler was of copper, and was fashioned much

like a common kettle; the driving-wheel was actuated by two single-acting

engines, one on each side of it, having steam-cylinders 13 inches in diame-

ter. This engine is preserved in the Museum of the Conservatoire des

Arts et Metiers, in Paris. From Thurston's account, the carriage and its

machinery are substantially built and well finished, and in respect of work-

manship are exceedingly creditable.

Oliver Evans' Steam-dredge.—In America the idea of applying steam

to locomotion was seriously proposed by Oliver Evans, who is generally

credited with the invention and introduction of the first successful high-

pressure steam-engine. His application to the Legislature of Pennsylvania

in 1786 for a patent covering the adaptation of the steam-engine to driving

mills and to the steam-carriage, was refused, but in the following year a

similar application to the State of Maryland was granted. In 1801, he

built a steam dredging-machine on an order from the authorities of the

city of Philadelphia. This he fitted with wheels connected with the en-

gine, and, though it was set upon wooden axles, he conveyed it through

the streets of the city, a distance of a mile and a half, to the place of

launching, in the river Schuylkill. A picture of this historic craft is

shown on Plate 22 (Jig. 2).

Trevifhick's First Locomotive.—The first practical locomotive to run on

rails or trams was built by Trevithick and Vivian for a railroad at Pen-y-

darran, in Wales. This was in the year 1804. The engine was of the

high-pressure, non-condensing type, and exhausted into the chimney. On
its trial-trip it drew a load of ten tons at the rate of five miles an hour. A
picture of this machine is shown in Figure 3. It has been asserted

that Trevithick's engine had cog-wheels and ran on a rack-rail, but there

is abundance of evidence showing that this was not the case. An eye-

witness, in describing its performance, says, "Lightly loaded, it did very

well upon a level surface or moderate grade, but, more severely tasked, the

wheels would slip romid \i\\ho\\t advancing." In his knowledge of the

fact that sufficient traction could be obtained from the adhesion of a smooth-

surface wheel upon a smooth rail, Trevithick appears to have seen more

clearly than others who succeeded him.

Blctikiitsop' s Locomotive.—For a number of years after this partially-

successful experiment the attention of inventors in their efforts to improve

upon Trevithick's engine was directed toward overcoming an imaginary

difficulty—namely, that the friction of smooth wheels upon a smooth track

would not afford traction sufficient to haul loads of considerable weight.

Blenkinsop, for example, in 1811, built a locomotive for the INIiddleton col-

liery which was provided with spur-wheels working into a toothed rail or

rack on one side of the track. This system was in service for a number

of years on a colliery railway between Leeds and Middletown, a distance

of three and one-half miles, over which it is reported to have hauled trains
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of thirty tons' weight at the rate of three and three-quarter miles an hour

{pi. 22, Jig. 6).

Medley' s Locomotives.—About this time, also, Hedley built an eight-

wheeled locomotive, the wheels of which were driven by gearing to obtain

increased tractive adhesion.

''''Puffing Billy.''''—Hedley, in 1812, seems to have been the first to real-

ize the significance of the early experiment of Trevithick with smooth

wheels on a smooth track. In that year he built an experimental carriage

the wheels of which were turned by men stationed at four handles. This

he attached to trains of coal-wasrons, and, weio-hting; it with varving

weights, and at the same time varying the load to be hauled, he deter-

mined by repeated experiments that by the proper proportioning of the

weight upon the driving-wheels to that of the load sufficient tractive adhe-

sion could be obtained upon a smooth rail without the auxiliaries of spur-

wheels and racks. Having determined this important fact, he proceeded

in 1813 to build a locomotive to haul the coal-trains at the Wylam colliery.

This engine had four smooth driving-wheels adapted to a smooth rail. Its

boiler-power was found to be inadequate, and this defect was corrected

in a second and larger one. This engine had a wrought-iron return-flue

boiler, and had eight driving-wheels coupled together by intermediate

gear-wheels on the axles, and all propelled by a gear at the centre, which

was driven from a walking-beam by the intervention of a connecting-rod

and crank. This engine hauled eight loaded coal-wagons at the rate of

ten miles an hour. The exhaust was led into the chimney, and the open-

ing of the exhaust-pipe, the end of which was turned upward, was con-

tracted, by which means the blast was intensified. " Pufl&ng Billy" {pi.

22, Jig. 7), as Hedley's locomotive was called, continued in use at the

Wylam colliery for many years. In 1862 it was removed to the British

Patent-Office Museum, in London, where it is preserved as a memorial.

Brunton'' s Locomotive.—Among other constructions remarkable to-day

as curiosities was a locomotive devised by Brunton which was propelled

by two jointed rods or movable legs, in imitation of the action of the hind

legs of the horse.

Stephenson'' s Locomotives.—George Stephenson built for the Stockton

and Darlington road three locomotives which on trial exhibited consider-

ably greater merit than any that had hitherto been designed. They
weighed about eight tons each. The boiler was provided with a single

straight flue. The cylinders of the engine were vertical, and were coupled

directly to the driving-wheels. They had two pairs of drivers coupled by
horizontal rods; they used a forced draught. At the trial of the " No. i

"

engine of this type {pi. 22,yjig. 3) on the opening-day it drew ninety tons

at the rate of twelve miles (and at times fifteen miles) an hour.

First Railroad.—The history of the modern railroad system, however,

may be said to date from 1829, when the first railroad built for general

traffic and travel was completed. Down to the year 1825 all the railroads

that had been built were employed exclusively for the transportation of
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coal and similar crude products of the mine, furnace, and quarry. In that

year the Stockton and Darlington Railroad—projected for the purpose of

securing transportation to tide-water for the output of the valuable coal-

fields of Durham—was opened. On this road the experiment of transport-

ing passengers and goods was first attempted. It is curious to note that

the passenger-coaches were for some time drawn by horses. Mixed pas-

senger- and freight-trains were next introduced upon the line, and later

special passenger-trains; and the new method of transportation became

popular and profitable to the company. The want of confidence felt in the

new method of transportation so far as it applied to passenger traffic is ex-

hibited in the curious illustration (//. 2;^, Jig. 3), which represents a man
on horseback, who, until the engine developed a dangerous rate of speed,

marched in front of the first train of the Stockton and Darlington road.

Opening of the Manchcsfcr and Liverpool Railroad.—In 1829 the first

railroad designed and built for general traffic and tra\'el—the Manchester

and Liverpool Railroad {figs, i, 2)—was completed, and it is a matter

of record that the consent of the directors " to give the travelling engine a

chance " was obtained only after the most persistent effisrt. Some of them

favored the use of horses; others advocated the stationary hauling-engine;

and even the experimental demonstration of the practical value of the

locomotive engine on the Stockton and Darlington road failed to impress

them. Finally, they were persuaded to offer a reward of five hundred

pounds for the best locomotive engine, the principal conditions prescribed

being that it must be able to draw on a level three times its own weight at

a speed of ten miles an hour. The wide publicity given to this announce-

ment stimulated a number of engine-builders to compete for the reward.

Onlv three locomotives were finally entered for the trial, which took place

on the 6th of October, 1829. These were the " Novelty," built by Braith-

waite and Ericsson; the "Rocket," built from the plans of George Stephen-

son; and the " Sanspareil," built by Timothy Hackworth.

The Rocket {pi. 22, fig. 9) proved successful over its rivals, though,

considering the time and the circumstances, the performance of all the en-

gines was very remarkable. The Rocket, carrying a tender with water

and coke (three tons four cwt.) and two loaded wagons (nine tons ten cwt.),

attained a maximum speed of twenty-four and one-sixth miles an hour, v.'ith

an average consumption of two hundred and seventeen pounds of coke per

hour. The Novelty attained a maximum speed of twenty-eight miles

an hour, but, in consequence of the repeated failure of its blowing appa-

ratus, was withdrawn. The Sanspareil made twenty-two and two-thirds

miles an hour, but its fuel-consumption (six hundred and ninet\-two

pounds per hour) was excessively high.

The success of the Rocket was doubtless due in large measure to the

high efficiencyof its boiler, which was of the so-called "multitubular" type,

by which form of construction a large increase of heating surface, with con-

sequent rapid steaming-power, is obtained. It was provided, also, with

the steam-blast in the chimnev. These earlv trials fullv established the
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value of the nmltitubular boiler over all others for locomotives, and also

the great advantage of the steam-blast; and these important elements of

construction have retained their pre-eminence to the present time. This

engine continued in service on the Liverpool and Manchester road until

1837, when it was withdrawn. After several ^ears of inglorious service in

the collieries it was finalh- placed in honorable retirement in the patent-

museum at South Kensington, London, where it is now preserved as a relic

of historic interest.

The fame of these remarkable performances,- so far in advance of all

anticipations, spread rapidly throughout the world, and the railway era,

which has wrought so profound a revolution in the system of transporta-

tion, and has so {irodigiously stimulated the activities of modern life, was

ushered into existence.

It will be interesting at this point to devote some attention to the pio-

neering work that was being done in the introduction of the railroad in

other countries.

Early Railroads in France.—In France, Seguin is credited with having

begun in 1826 the construction of a railroad running from Roanne {z'ia St.

Etienne) to Lyons, on which locomotives were placed in service in 1832;

but it appears that railroads for general traffic were not introduced in that

country until the year 1S39, nearly ten years after the opening of the Man-
chester and Liverpool road.

Early Railroads in Belgium and Germany.—Belgium is credited with

being the first of the nations of Continental Europe to develop a system of

railways, the moving spirit in the work having been Pierre Simon, who, in

conformity with a government decree issued July, 1834, prepared compre-

hensive plans for railroad communication throughout the kingdom. These
plans were promptly approved, and the Brussels and Mechlin Railroad was

opened for traffic on the 6th of May, 1837. In Germany, about the same
time, the first general-traffic steam-railroad was built by Denis. It ran be-

tween Nuremberg and Fiirth.

Early Railroads in the Uni/ed States.—In the United States, where the

subject of providing means of internal communication at this time was an

absorbing question, the success of the Liverpool and Manchester experi-

ments attracted profound attention. Crude tramways had already been

introduced. In i8og, Thomas Leiperof Philadelphia had constructed and

operated what is believed to have been the first railroad in the United

States. It was used for the transportation of stone from his quarries on

Crum Creek to his landing on Ridley Creek, a distance of about one mile.

The Quinc}' Railroad, which is often quoted as the first railroad in Amer-
ica, was not completed and operated until 1827. This was four miles long,

and ran from a granite-quarrj' to the port of Neponset, in INIassachusetts.

Another and more extensive one, nine miles in length, was built in the

same year from the coal-mines at ]\Iauch Chunk, in Pennsylvania, to the

Lehigh River. The first two of these roads were operated by horse-power,

and the last by means of inclined planes with stationary engines and grav-
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ity. In the following year (1828) a nninber of important railroads were

projected. The Delaware and Hndson Canal Company built a railroad in

that year from its mines to the canal at Honesdale, in Pennsylvania, and

the Baltimore and Ohio and Charleston and Hamburg Railroads were com-

menced.

Early Locojiiotives in tlie United States.—The first locomotive engine

put to service in America was on the Delaware and Hudson Canal Com-
pany's line at Honesdale. This was the English-built "Stourbridge

Lion." This engine was tried on the road in August, 1829, but was found

to be too heavy for the roadway, and was shortly retired; it appears never

to have been put to regular service. The Charleston and Hamburg Rail-

road placed the first American-built locomotive in service on its road in

1830. This was the "Best Friend" (//. 22^ Jig. 8), and was built at

the West Point Foundry, at Cold Spring, New York. It was succeeded

early in the following year by the "West Point," of the same builders

{fig. 10). Both of these locomotives are said to have done good service.

In this year, also, the Baltimore and Ohio Railroad was equipped with

its first locomotive, the "York," of American build. In Figure 11 is

shown the so-called "Grasshopper" locomotive, a peculiar American
t}pe of engine, of which a number were built and operated for many
years on the Baltimore and Ohio Railroad. From this time onward the

development of the railroad in the United States progressed rapidly. Fig-

ures 5 and 6 (//. 23) are pictures of early American passenger-railway

trains.

The conditions prevailing in the United States are so different in many
respects from those obtaining in European countries—as, for example, in

the comparative newness of the country, in the very unequal distribution

of the population, and in the great distances to be traversed—that the

American system of railroad construction and operation differs in several

interesting and important features from the European. Some of the more
notable of these differences will appear farther on.

Groivth of Railroad Systems.—From such beginnings has grown up the

wonderful system of transportation which at the present day covers almost

every portion of the earth with a network of rails, and which has wrought
more radical changes in the social and industrial order than any other sin-

gle cause. With the rapid growth of the railroad, inventive ingenuity has

wonderfully improved and rendered more effective every detail of its ser-

vice. The ever-increasing demands upon the speed and power of the loco-

motive have culminated to-day in the luxuriously-appointed e.xpress-train,

transporting its passengers at the rate of fifty miles an hour, and the

Rocket, weighing less than five tons and drawing a weight of fifteen

tons, has given place to the fifty-ton freight-engine drawing after it the

enormous burden of nearly seven hundred tons. To what extent the rail-

road systems of the world have grown may be seen from the following

table, which exhibits the mileage constructed and operated down to the

end of the year 1S84, the latest period for which reliable data are accessi-
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ble, and which is given on the authority of Poor's Manual of Railroads

—namely:

Miles.
I

Miles.

Germany 22,^14 I United States 151,066
Great Britain 18,852

PYaiice 19,244
Other Countries of Europe, total .... 56,958

Total Europe 117,868

Australia, total 7,54°

Canada 9,572
Other Countries of America, total . . . 14,638

Total America 175,276

Asia, total 12,897
Africa, total 4, '79

Grand total 317,760

B. RAILROAD CONSTRUCTION.

I. Laying Out a Railroad.

The work of planning and laying out a railroad is something more than

merely technical, since the question of the money that may safely be ex-

pended upon it, and consequently the character of its construction and ope-

ration, must be determined by the amount of traffic to be expected. The
estimation of the probable passenger and freight traffic over a projected

road is one of the most difficult of problems, demanding the closest inquiry

into, and consideration of, the existing local and through traffic of the dis-

trict, as well as the judicious valuation of the increased traffic which the

new road may be expected to develop.

Classijication of Railroad Traffic.—In the first place, the kind of traffic

for which the road is designed to serve is the most important thing to con-

sider in planning it, and from this standpoint the following classification

may be made: (i) Roads for the transportation of materials such as are

used in mines, quarries, in the construction of public works, and the like:

these are often provisional or temporary, and are commonly operated by

horses or men; (2) Surface railroads in cities, designed for passenger traffic:

these rarely employ the locomotive, the low speed and frequent stops re-

quired and the occurrence of abrupt curves on such roads rendering the ap-

plication of steam-power unsuited for this service, even were it not objec-

tionable for other substantial reasons; and (3) Elevated, depressed, and

underground roads, operated by steam, for the rapid transfer of the popu-

lation of large cities: these roads are met with on both sides of the Atlan-

tic. For the surface roads the electric motor and the cable-traction system

have lately come into general use in American cities as a substitute for

animal traction.

Freight and Passenger Traffic.—The objects which the steam-railroad

proper is intended to realize are the transporting of passengers with the

greatest speed compatible with safety and the transporting of freight with

the lowest possible cost. Up to the present time the division of these two
classes of traffic has been made chiei^^' by separating the same in different

trains (passenger and freight); upon many of the principal railroads, how-
ever, the separation of passenger and freight service is effected by the lay-

VoL. v.— 12
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ing of additional tracks, of which certain lines are used exclusively for

freight- and others for passenger-trains.

iMain {Trunk) and Branch Lines.—The route of the main lines of rail-

roads will be determined by circumstances—for example, whether they are

contemplated for countries with well-developed traffic and as the main

stems or trunk-lines of a network of railroads covering the whole country,

or whether they are contemplated for new or comparatively thinly-settled

districts for the purpose of promoting the increase of their population and

the development of their natural resources. While in the latter case the

lines will be directed to tho.se parts of the region whose products, etc.

promise the most profitable returns, in the former the trunk-lines will be

so located as to form the most direct connection between the important

centres. Subordinate to the trunk-lines are those which maybe designated

as main lines of the second order, which serve as feeders to the trunk and

as the means of supplying the industrial and commercial wants of localities

of less importance; and subordinate to these, in turn, are the so-called

branch or local roads, designed to transport and develop the local traffic of

the districts contiguous to the main lines of the second order. The traffic

upon these branch roads will consist mainly of crude products of the forest,

mine, and farm, in the transportation of which the question of speed is of

minor importance. The expense of laying out, constructing, and operating

such local roads must be kept as low as possible. As the traffic of these

roads increases, their capacity for handling the same must be correspond-

ingly increa.sed by progressive improvements of road-bed, permanent way
and general equipment, and additions to rolling-stock and motive-power.

For rea.sons of economy, many roads of this class are constructed of nar-

rower gauge than the standard.

Gradients.—In respect of the cost of constructing and operating a rail-

road the admissible gradients play an important rolc^ since not only the

possibility of adapting the road-bed more or less closely to the natural sur-

face without the necessity of resorting to artificial structures (bridges, tun-

nels, etc.) depends upon them, but also the weight and capacity of the

locomotives that will be required, and, consequently, the weight and speed

of the trains. There is a grade-limit beyond which a locomotive cannot

be employed with useful effect, inasmuch as the power that must be ex-

pended to move the engine itself—and therefore not available for haul-

age—is so great on very steep grades that there is no surplus for useful

traction. As the power of the locomotive is brought into action by the

grip or friction of its driving-wheels upon the rails, the maximum pulling-

power will be obtained when the entire weight of the machine is supported

on the driving-wheels, thus giving them the greatest amount of adhesion.

Even where this condition is most closely approximated the effect of steep

gradients on the tractive power of the locomotive is so serious that they

must be carefully avoided, so that the profile of the road-bed shall conform

as nearly to a level as the surface-nature of the territory through which it

is laid will permit.
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To exhibit this detrimental influence of gradients on the tractive power

of the locomotive the following example may serve: Assuming the case of

an engine weighing (with tender) forty tons, and capable, when exerting

its maximum power, of drawing forty-two loaded cars weighing four hun-

dred and twenty tons at the rate of twenty miles an hour on a level, the

loads it would be able to draw at the same speed on various gradients are

exhibited in the following table—namely:

Grade.
Load that can be drawn at 20 miles

an hour.

(level)

1 in 600
I in 300
I in 150
I in 100

> in 75
I in 50
I in 40
I in 30
I in 20
I in 10

42 cars weighing 420 tons.

34
"

27 "

20 "

IS
"

12 "

9
"

6 "

5
"

-t ((

None.

340
270
200

150
120

90
65

45
24

To avoid such serious loss of effective power the earliest railroads were

built with the road-bed nearly level, to accomplish which often involved

enormous expense. This was rendered imperative on account of the very

deficient power of the locomotives. As locomotive-builders learned to in-

crease the power of the machine it became possible to operate roads with

steeper gradients, and the railway-train to-day easily scales the heights of

the Alps of Europe, and of the Alleghanies, the Rocky Mountains, and

even the more formidable Andes, of America. Where the precipitous na-

ture of the ground renders the construction of a railroad upon the surface

impossible, or, on account of the cost of its operation, inexpedient, resort

must be had to other systems of construction or to tunnels.

Curves.—The curves that should be permitted on the projected line re-

quire careful consideration, and will enter largely into the question of

selecting the route, inasmuch as they not only cause a loss of locomotive

power, but also throw injurious strains upon the locomotive and cars and

increase greatly the wear upon the rails. The shorter the radius of the

curves, the more pronounced will be their injurious effects. On striking

a curve there will be a certain grinding action of one of the front wheels

and of the diagonally-opposite hind wheel against the rail, which causes

rapid wear and tear of wheels, journals, and rails. Furthermore, as the

outside rail on a curve is longer than the inside one, the outside wheel

must travel farther in rounding it; but, as each pair of wheels is rigidly

attached to its axle, the outer wheel must slip or slide on the rail, which

induces additional friction and wear of wheel and rail. These diflSculties

may be overcome partially by an arrangement of the journal-boxes so as to

permit of a certain amoimt of " end-play " to the axle and by making the

tread of the wheels slightly conical, or by slightly increasing the gauge of
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the road in the curve, or by the device of a " loose wheel," by -which one

wheel may revolve independently of the other.

Elevation ofRail at Curves.—To counterbalance the effect of the cen-

trifugal force generated in swinging around curves—which is to press the

flange of the wheel against the outer rail—the outer rail is given an eleva-

tion above the inner one, the amount of elevation being detennined by the

sharpness of the curve. Inasmuch, however, as the forces here called into

plav will vary in intensity according to the speed, the weight of the train,

and other circumstances, the corrective applied must be such as will be

most likely to suit the average condition of practice. The curve, therefore,

in spite of the artifices that are employed to reduce its bad effects, remains

an e\-il which must be avoided as far as possible in practice. It may be

noticed at this point that, generally, the two evils of frequent curves and

steep gradients are found associated in the same road.

Number of Tracks.—Where the projected road promises to acquire fu-

ture importance, or where it passes through a thickly-settled district, the

road-bed should be constructed sufficiently wide and substantial to admit

of a double track. The road-bed may be widened and additional tracks

laid when the traffic justifies the outlay.

Track-ividth : Standard Gauge.—Respecting the width of the track,

the so-called "standard gauge" (4 feet 8j^ inches of width betw-een the

rails) is now in very common use in both Europe and America upon all

the main railroad lines. This particular width of gauge was adopted by

the English as a standard, for no assignable reason other than that it was

the common gauge of road-vehicles in England, and has been copied by

railroad-builders elsewhere. The advantage of uniformity in gauge in

permitting of the interchange of traffic between the different lines of rail-

road is obvious, and accounts for the very general adoption of the standard

gauge. There is still, however, considerable divergence from uniformity.

Russia adopts 5 feet as the standard; Spain and Portugal, 5J,j feet; Ireland,

5^ feet. In the United States there was until within the past ten years

much irregularity in gauge in various sections, but all the main lines, and

most of the secondary' lines which diverged from them, have since changed

their gauges to conform to the standard.

Narroiv Gauge.—There is in all parts of the world a considerable num-
ber of railroads of narrower gauge than the standard. In the United

States there are thousands of miles of such roads, principally, however,

short lines and in new or thinly-settled districts. As such roads can be

constructed, equipped, and operated cheaply, they may often profitably be

maintained in regions where more costly roads of standard gauge and

equipment would prove unremunerative. They are found specially ser-

viceable for the transport of crude materials, such as ores, building-stone,

lumber, etc. To avoid the delay and expense of removing freight and

passengers from the cars fitting one gauge of road to those fitting another

gauge, the car-transfer apparatus devised by Ramsey has been adopted

to a large extent in the United States. (See p. 207.)
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Other Considerations in Planning a Road.—Besides the points above

mentioned in connection with the location of the projected railroad, other

snbjects are important to consider, such as the future division of the road

into sections, the location of stations, the power of the engines, the con-

struction and carrying capacity of the cars for the several forms of service,

etc. The engineer of the projected road must have a clear conception of

the objects that its projectors have in vie.w, in order that its location, con-

struction, equipment, etc., shall be such that these objects may be attained

in the most effective manner and with the least expenditure.

Selection ofRantc.—The same general principles that govern the choice

of a route for a roadway should also govern the selection of a route for a

railroad. The standard of perfection is a perfectly straight and level road-

bed for the reception of the permanent way. In his endeavor to approxi-

mate to this standard the engineer will be confronted with many difficulties

that will demand the exercise not only of technical skill, but also of sound

business judgment, properly to overcome them. The introduction of many
and sharp curves and of steep gradients, while most objectionable because

they involve extra cost for maintenance and operation, may be found de-

sirable, because they may save considerable in the first outlay. This will

be the case when to avoid them will necessitate excessive outlay for cut-

ting, embanking, and tunnelling. It is the task of the engineer to give

due consideration to all the conditions affecting the problem. Engineering

advantages will occasionally have to be sacrificed to financial objections,

and vice versa ; so that the route finally adopted must be a compromise to

expediency. While the railroad may not be quite straight or quite level,

it must not be excessively costly by reason of extravagant outlay for em-

bankments, cuttings, and tunnels to avoid sharp curves and steep gradi-

ents; nor must everything be sacrificed to cheapening the first cost of the

road by avoiding such features of construction where they should properly

be employed, as such saving would often be more than counterbalanced by

the increased expense for operation.

Preparatory Work.—The technical preparatory work begins with the

selection of the general direction of the proposed road. The region is

critically examined with the aid of a good map, the positions of the water-

courses and stimmits are determined, the most advantageous points for

bridging the former and crossing the latter are decided. Experimental

lines are then run between the points thus located. The adjacent territory

on both sides of these lines is carefully gone over, and from the comparison

of the data thus collected and collated the route is selected. When this

has been determined, the ground is surve3'ed with accuracy, the road is

staked off, longitudinal and cross-sections are prepared, the projected line

is drawn to scale, and the exact calculations and estimates of cost are

made.

2. E.\RTHWoRK.

—

The Found.a.tion.

In the projection of a railroad-line engineers endeavor so to utilize the

principle of compensation in the moving of the rock and the earth that the
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material from the cuttings shall furnish as nearly as possible the amount
required to form the emljankuients.

Eartlncork: Embankments and Cuttings.—The earthwork, as it will

form the foundation of the road-bed and the permanent way, should be

uniformly solid, of ample width, with gentle slopes, and with provision for

thorough drainage. The several forms which the earthwork may assume

are the embankment {pi. 2^, Jigs., i, 2), the cutting {fig. 3), and the side-

cutting (//. 26, Jig. 13). It will often happen that the masses removed in

excavations cannot be used for the embankments, as when the material is

not suitable for such use, when the distance from the cut to the embank-
ment is too great, or when the transfer of the material is impeded by un-

finished works (bridges, tunnels, etc.). But when, as is commonly the

case, cuttings and embankments follow one another in rapid succession and

the excavated material is suited for the purpose, it will be found advan-

tageous to form the embankments, as far as possible, of the materials re-

moved in the cuttings.

According to the nature of the ground, the work in a cutting is carried

on with the shovel, pick, and crowbar, or by blasting with gunpowder,

dynamite, etc., the high explosives being now generally employed upon
hard and compact rock.

Cuttings: Disposing ofMaterial.—The means to be adopted for remov-

ing the loosened and broken material will be determined by its quantity,

the distance to which it must be transported, and other considerations.

Thus, for comparatively short distances, wheelbarrows will be most ser-

viceable; for greater distances, hand-tilting or dumping-cars (//. 2\^figs.

6, 7), that may be tipped to an angle of 45°. In these cases planks are

laid down to serve as a track for wheeling or rolling the load. As the dis-

tance increases, dumping-cars drawn by horses are substituted, and a tem-

porary railway laid upon longitudinal strips or sleepers is commonly pro-

vided for the cars to run upon {fg. ga-c). Finally, when considerable

masses of earth or rock are to be removed, the locomotive must be pressed

into service {fg. 5). According to circumstances, the work of cutting may
be started either from the middle or from the sides, and proceed regularly

downward to the proper level in a series of benches or terraces. In plan-

ning such work it is important to locate the burden-road in such relation

to the work being carried on that the loosened material may be loaded on

the dumping-cars as directly as possible.

Grades.—The most advantageous grade for burden-roads is i : 100,

since on sucli an incline the loaded cars will just about run down by their

own weight. In deep cuttings, however, especially at the commencement
of tlie work, it will be impossible to avoid steep grades. In such cases it

will often be advantageous to convert the declivity into an inclined-plane

railway (of from 16 to 50 per cent, grade), upon which the loaded cars in

descending draw up the empty ones by means of a cable passing over a

fixed drum or pulley. Where, on the other hand, it is necessary to remove
material from the depths of a cutting to high ground at the side, the
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inclined plane will likewise be employed, with the provision of a station-

ary steani-engiue at the summit to furnish the power for drawing up the

loads.

Systems of Cuttings.—Figure 8 {pi. 24) illustrates a method of making
deep side-cuttings at one time practised in England. In this, the work-
men with their barrows are drawn up the slope by horse-power. This

method, however, has fallen into disuse on account of the liability of the

roadway to become dangerously slippery. Another system of cutting which
may occasionally be followed advantageously consists in driving a lateral

tunnel or gallery at the bottom of the proposed cutting, and sinking from

the top, at several convenient points, vertical shafts to communicate with

the gallery. These shafts are gradually enlarged—funnel-shaped—and the

loosened material is allowed to drop through them directly into the trans-

port-cars stationed in the gallery below to receive it.

Excavatiiig-tnac/iines, or steam-shovels for excavating and loading the

material of a cutting, have been devised, and where large amounts of work
are to be done they may be used to advantage. Figure 6 (//. 27) verv

clearly exhibits the construction and method of operation of a machine of

this description. The application of such machines is limited, of course,

to the excavating and removing of sand, gravel, clay, and the like. Traut-

wine does not recommend their use where the depth of the cutting is less

than 10 feet, for the reason that moving them from place to place invoh-es

too great a loss of time. The following statements respecting the service-

ability* of the steam-excavator are given upon this authority. In stiff soils

cuttings may be made about 17 to 20 feet deep without changing the level

of the machine. For greater depths, in such soils, the work must be done
in two levels, since the bucket or dipper cannot reach so high. But in

sand or gravel much deeper cuts may be made from a single level. In

appearance and mode of operation the excavator resembles a dredging-

machine. A large plate-steel bucket, like a dredging-bucket, with a flat

hinged bottom and provided with steel cutting-teeth, is forced into and
dragged through the soil by steam-power. It dumps its load by means of

the hinged bottom, either into cars for transportation or upon the waste-

bank. Each machine is mounted upon a locomotive-car, so that it can be

moved from point to point as the work progresses, and carries its own
water-tank to supply its boiler.

Embankments.— In the construction of embankments two modes of

procedure may be distinguished. In one, the embankment is built up
from the base in successive thin layers. This method affords the best re-

sults in respect of the solidity of the structure, but, as it can be carried

out conveniently only by hand-labor, it is not generally applicable. In the

other method^ the embankment is extended forward by material dumped
or poured upon it from the top. This is the method commonly adopted,

as it permits of more rapid construction. If the embankment is advanced
full width by this mode of construction, the successive increments form

lavers extending across the embankment, and a sliding or lateral giving
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way of the structure need not be feared. Where, however, a narrower

embankment is first constructed and this is widened by dumping on the

sides, crevices which will endanger its stability may form lengthwise of

the structure, and these may become the predisposing cause of its lateral

displacement by sliding. In this latter mode of embanking the dumping
of the material may often be facilitated by the employment of a crude

species of trestle, which is covered up with the earth thrown down, and

extended as the work advances. Figure lo {pi. 24) exhibits a simple form

of portable bridge supported on scaffolding, which ma}- be shifted along in

advance of the embankment as this progresses. Figure 7 shows a burden-

car designed to tip forward, which may be used advantageously for this

kind of work without the aid of trestles.

The Surface-breadth of the roadway for a double-track road of normal

gauge may be taken at about 22 feet. The intermediate distance between

two lines of track is 6 feet, which allows sufficient free space for the engines

of two trains to pass each other.

Slopes of Cuttings.—Cuttings are made as deep as from 50 to 100 feet

below the surface, and embankments as high above the surface. The
slopes for cuttings and embankments will be determined by a variety of

circumstances, such as the nature of the material in respect of stratifica-

tion, coherence, and capability of resisting weathering, by the height of

the walls or banks, and by the presence or absence of springs. As a gen-

eral rule, the slopes of cuttings may be steeper than those of embankments,

but in sand or earth a rise of one foot for i to i^ or 2 feet is the common
practice. In cuttings through solid rock the slopes may be nearly ver-

tical.

Stability of Cuttings.—"TX^^ stability of the slopes is sometimes increased

by planting them with grasses, by sodding, etc. Withes interlaced with

stakes form an excellent means of conferring stability, and are occasionally

used with good results. The most secure—and generally, also, the most

costly—expedient is the walling up of the slopes. Sometimes, as where

the line is contiguous to water, protecting-walls of stonework become
necessary, as in the case exhibited in Figure 4. In similar situations,

where a portion of the slope is under water, piles, cribs of timber, fas-

cines, and the like, may be employed. The materials best adapted for

embankments, as well as for cuttings, are sharp sand, gravel, or rubble, as

these, while sufficiently insoluble, yet permit free drainage. To insure

thorough drainage, lateral ditches are provided, as shown in Figure 3.

Retaining-zvalls.—Where embankments are built of rock the stones

adjoining and forming the face of the slopes should be regularly disposed

in courses. Should the rock be readily decomposable, the surface of the

slopes should receive a protective covering of soil. Sometimes only the

lower portion of the embankment is formed of stone. Again, the configu-

ration of the ground may compel the use of rock embankments with steep

slopes. Where these are confined to moderate heights, slopes of 2, 3, or

even 4, feet rise to one foot of base may be admissible. Whether the face of
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the wall with the steeper inclines above named should be laid up in mor-

tar, or whether it will be sufficiently substantial without it, will depend

upon whether the rock employed can be laid solidly in layers or not.

Where, however, the question relates to the construction of a steep em-

bankment of considerable height, to be filled in with loose materials, re-

taining-walls solidly laid up in mortar are necessary. Figure 6 {pi. 26)

exhibits the construction of the retaining-walls of the Kulmbach inclined

plane. This is over 100 feet high, with concave slopes.

Fonns of Walls.—The cross-section of the retaining-wall may vary

considerably. It may be rectangular, with a thickness about one-third its

height {fig. i), or trapeziform {fig- 2), with the outer face inclined or

curved {fig. 3). The last named affords the greatest stability with the

least expenditure of material. To strengthen these structures, abutments

are employed where their use seems to be required {fig. 5). Figure 4
shows the English practice of arching between such abutments.

Draiiias-c.—Before commencing the construction of an embankment
the ground must be cleared of such materials as vegetable mould, grasses,

etc., which would retain moisture, and which cannot sustain the weight

of the embankment. It is of the first importance, also, that culverts and

cross-drains of ample dimensions should be provided for confining and

carrying off the water of small streams, springs, etc., that may lie in the

way of the proposed embankment. Larger streams will require bridging.

Where marshy ground is to be crossed by a high embankment, two lateral

ditches are dug, and the ground is compressed by the gradual settlement

of the embankment, until at length it has acquired the necessary stability.

While this sinking is going on, the level of the embankment is maintained

by fresh additions to its surface. In the case of a low embankment the

weight of which is not sufficient to compress a deep marshy soil, the pre-

caution is necessary to build it somewhat higher than is actually required,

leaving it to sink to its proper level in time; or if the marsh be a shallow

one, the soft ground may be partially or wholly removed and replaced by

sand, gravel, stone, etc.

Wherever it is practicable, advantage should be taken of the grades to

drain the structures as thoroughly as possible by means of properly-disposed-

channels communicating with the lateral ditches {pi. 24, fig. 3), which are

provided to ensure thorough drainage. Where a cutting must be made
through ground composed of layers of water-bearing strata (such as sand,

gravel, and the like) alternating with layers impervious to water, like beds

of plastic clay, danger from landslides is to be feared, and provision should

be made to guard against such accidents b>- the liberal use of drain-pipes

and channels. Where, as in the case of the railroad over the Brenner Pass,

in the Tyrolese Alps, an entire mountain-side must be drained, a system

of vertical shafts loosely charged with fragments of rock is constructed,

communicating at the bottom with galleries into which the drainage-water

is directed, and from which it is delivered far below the road. Where solid

strata rest upon a yielding stratum the stability of the cutting is imperilled,
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and the softer ground must be relieved from pressure by abutments inter-

posed at suitable intervals, being at the same time properly drained.

3. Tunnel Construction.

Necessityfor Tunnels.—Where a line of communication (highway, rail-

way, or canal) is interrupted by a barrier of rock, and where an open cut

is impracticable because of the amount of material to be removed, and also

where a detour or displacement of the line of communication is undesira-

ble, recourse must be had to the tunnel. The first step to be taken in

work of this .kind is to make a geognostic examination of the rock-forma-

tion to be penetrated, to ascertain its character—whether it be hard, soft,

friable, gravelly, or unstable (that is, containing quicksand)—in order from

these data to determine the most suitable form for the proposed structure,

the manner in which the work may most advantageously be done, and the

probable length of time that will be required to complete it. Tunnelling,

however, will rarely be found expedient until the depth of the cut exceeds

60 feet; and when intended for railway use, it is important that the course

of the structure should approximate as closely as possible to a straight line,

to lessen the liability to accidents. Tunnel-work in rock of such a nature

that it will not serve to sustain itself must be artificially supported by a

lining of nrasonry.

Tunnelling.—The line or axis of the tunnel having been established by

survey upon the surface, the work is commonly carried on by driving a

gallery through the hill or mountain as rapidly as possible from the two

ends, the work being facilitated, where the situation permits, by the sink-

ing of intermediate shafts at convenient points in the axis of the tunnel

and driving headings in both directions toward the terminal galleries. By
this means the number of points of attack is multiplied, and the time re-

quired for the completion of the structure is lessened correspondingly.

Grade and Ventilation.—With respect to grading the practice is not

uniform, the plan being sometimes to grade up from both ends, and at

other times to give the tunnel an inclination in one direction. The pur-

pose, of course, is to facilitate ventilation and drainage. Except in the

rare cases where foul air is met with, no special provision for \-entilation

will be found necessary, either during construction or afterward, unless the

length of the tunnel is considerable—according to Trautwine, about 1000

feet. But when this length is exceeded, such provision must be made
while construction is going on, either by means of shafts or by the use of

mechanical appliances for forcing air through pipes to the working head-

ings. The substitution of compressed air in place of steam as the motive-

power for actuating the drilling-machines employed in modern engineering

practice has to a large extent obviated the necessity of using special means.

for supplying air, the air-compressors at the entrances serving the double

purpose. Except in the case of very long tunnels, it is usually unneces-

sary to provide artificial means of ventilation after construction, although

the shafts sunk to expedite construction are not infrequently utilized for
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this purpose. Tunnels with a single inclination give less trouble on this

score than those which grade up from the ends. To avoid the fouling of

the air of long tunnels hy the locomotives, they are commonly provided

with special appliances for condensing steam and smoke during the time

of passage.

Alode of Excavation.—The usual mode of excavation consists in driv-

ing a passage-way or heading (considerably smaller than the cross-section

contemplated for the finished structure), and in maintaining this some dis-

tance in advance. This heading is then enlarged to full size. The mode
of procedure varies according to the nature of the material to be penetrated.

The current practice is indicated by Trautwine as follows: In rock the

most convenient plan is to run the heading just below the top of the tun-

nel, which allows the workmen to drill holes conveniently in the floor for

the blasting which must be resorted to in removing the rock {pi. 2'].,fig. 5).

In earth, on the other hand, it is preferable to drive the heading along the

bottom, as this affords the greatest convenience for enlarging the opening

to full tunnel-size by loosening the soil and letting it fall. Again, where

the tunnel is being driven through earth or other j-ielding materials, it is

necessary carefully to protect the roof and sides of the heading and of the

enlarged tunnel-section as the work progresses and before the masonry

lining is put in place. This is accomplished by the use of rows of vertical

rough timber props and horizontal caps or overhead-pieces, between which

and the earth rough boards are placed, to form temporary supports for the

sides and roof of the excavation (//. 26, figs. 16-18). The props and caps

are placed in position first, and the boards are then driven in between them
and the earth walls of the excavation. As the masonry lining is carried

forward these temporary- supports are carefully removed.

In what is sometimes called the Belgian system, the plan is followed of

finishing the upper half of the tunnel first, the arch being supported by

timbering erected on the floor of the excavated portion. The lower half

of the tunnel is gradually excavated to the proper depth and finished in

short sections at a time, the finished roof meanwhile receiving such tem-

porary support as may be required.

Timbering.—In Figures 16 to 18 the diflferent plans of timbering

employed are exhibited with sufficient clearness to render further de-

scription needless. Figures 20 and 21 are views showing the details of a

sectional iron framework designed by Engineer Rziha of Brunswick as a

substitute for timbering in tunnel construction where artificial support is

called for. The cast-iron segments interposed between the girder and the

walls of the excavation are removed one by one as the masonpy' lining is

advanced {fig. 19); and when an entire arch-section at the rear may be

removed, it is transferred to the front. This plan of operation presents

several advantages, and is favorably spoken of

Subaqueous Tunnelling.—Where a tunnel is to be made under the bed

of a river special precautions must be taken to guard against disaster, since

the irruption of water constitutes a serious dauger. In excavating the first
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tunnel under the Thames at London the English engineer Brunei, after

several failures, adopted the plan of using at the heading a movable bulk-

head or shield, which was held in place by beams parallel with the axis

of the tunnel and bearing against the finished masonry (//. 26, Jig. 15).

One portion of the bulkhead was removed at a time, the earth behind it

excavated to a certain distance, and the section of bulkhead replaced at

the advanced position. The bulkhead was thus advanced section by sec-

tion. The plan of using the movable bulkhead is commonly designated

the English system. More recently rotary cutters and other mechanical

devices operating in advance of a shield have been proposed (//. 26, /ig.

22; pi. 27, Jigs. I, 2).

Worthy of notice in this connection is the system of subaqueous tun-

nelling devised by the American engineer Hall, which is claimed to be

a great advance, in point of simplification, o\er the methods hitherto

employed. At the present time (1S88) it is proposed to lay a tunnel

between Prince Edward Island and the mainland by this plan. Figure

3 (//. 27) illustrates the method. The inventor employs a movable cais-

son, which is advanced little by little. This is made of heavy iron plates

of the form shown in the illustration. Its interior is large enough to

accommodate a complete section of the tube of which the shell of the tunnel

is to be built, and as each section is put in place the caisson is advanced

one length by means of hydraulic jacks placed inside the caisson and push-

ing against the rim of the last-finished section. The rear of the caisson

is furnished with an orifice of circular (or other) section to conform to the

determined shape of the tunnel, and is provided with a stuffing-box having

a strong but elastic packing, by which means a water-tight joint is formed

around the unfinished end of the tunnel. This mode of procedure in sub-

aqtieous tunnel construction does away with the necessity of costly caissons

and the use of compressed air and air-locks for entrance and egress for the

workmen and for removal of the materials excavated, and likewise with

the use of the movable bulkheads at the headings, where the material to

be penetrated is earth.

Machijte7-y and Blasting Co7npounds.—Within the past twenty-five

years great advances have been made in methods and machinery employed

in tunnelling. The discovery and application to blasting purposes of ex-

plosive compounds much more powerful than gunpowder, such as nitro-

glycerine and the numerous mixtures into which it enters as a constituent

(known variously under the names of dynamite, giant-powder, explosive

gelatine, etc.), and others of different character (rackarock), were probably

the incentives that induced engineers to improve their tools and machinery

so as to permit these powerful agents to be used to the best advantage.

Consequently, the discovery of high explosi\es has led to great improve-

ments in the construction and efficiency of the tools and machinery used

in rock-drilling. The old-time practice of hand-drilling, slow and labori-

ous, has been supplanted by improved power-drills operated b)- steam

{Jig. 4), or, preferably, in all extensive tunnel works, by compressed
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air (ypl. 26, Jig. 22), increasing perhaps twenty-fold the rapidity of rock-

excavation and relieving the workmen of the severest part of their labor.

Ancient Tiouicls.—Extensive tunnel works were constructed by the

ancients. The oldest of which there is record is probably that known to

have been built by the Babylonians beneath the river Euphrates to connect

two-palaces. Tunnels were frequently formed by the Romans as a part of

their superb structures for supplying cities with water, and the aqueducts

of the Peruvians and Mexicans included remarkable works of this descrip-

tion. A number of these are still in a state of fair preservation.

JModcrn Tunnels.—In modern times great numbers of tunnels have been

built, principally to facilitate communication by railways. The first

Thames tunnel, for years the most notable structure of its kind, was begun

in 1825 by Sir M. I. Brunei, a French engineer, who, after several failures,

completed and opened it for foot-passengers in 1843. It is 1300 feet in

length, 35 feet in width, and 20 feet in height.

Tlie Mont Cenis Tunnel., commenced in 1857 under the superintendence

of Somnieiller, aided by the engineers Grandis and Grattoni, and com-
pleted in 1871, was the first upon which improved machines for drilling

and powerful modern explosives were experimented with and their great

advantages over the older methods demonstrated. The engineers in

charge of this work, confronted with the difficulty of conveying power for

their rock-drilling apparatus to the location of the headings, thousands of

yards distant, adopted the use of air compressed to six atmospheres by

water-power that was available for the purpose, thus solving at once not

only the difficulty of transmitting power to a distance without serious loss,

but also to some extent the important problem of ventilation. Figure 22

gives a general idea of the method of advancing the headings, a number of

drilling-machines being carried upon a frame mounted on wheels.

Various explosives (gunpowder, nitro-glycerine, giant-powder, and

dynamite) were used at different times for blasting. The charges were

exploded by means of a magneto-electric apparatus. The blasting was

done in front of a movable bulkhead which was advanced with the work.

The enlarging and finishing of the tunnel were carried forward as expedi-

tiously as possible in the rear of the headings. In the later stage of this

work, the mode of drilling above named was modified by the employment

of a large carrier of tubular iron, upon which the atmospheric drills were

mounted. As above noted, the ventilation was only partly effected by the

drills, and it was found necessary to employ also a ventilating-pipe which

delivered several thousand feet of air per minute to the working headings.

In this work the height of the mountain prevented the sinking of inter-

mediate shafts along the line. The completed tunnel unites France and

Italy through Le Grand Vallon, in the Savoy Alps. Its total length froin

the northern entrance, at Modane, in France, to the southern entrance, at

Bardonneche, in Italy, is 13,393 yards (or about seven 'and five-eighth

miles).. The tunnel is 24 feet 7 inches high at the Modane end and 11 ^:(

inches higher at the Bardonneche end, 26 feet 2^ inches wide at the
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broadest part, and 25 feet 3^ inches wide at the base. The top is semi-

circular. The roof and walls are lined throughout with masonry..

St. Gothard and Aiibcrg Tunnels.—The Mont Cenis tunnel for ten

years remained the longest structure of the kind in the world, until the

completion, in 1881, of the St. Gothard tunnel, through the Swiss Alps,

relegated it to the second place in importance. The length of this tunnel

is 16,217 yards (about nine and one-quarter miles). The same general plan

of working was followed in this as in the construction of the Mont Cenis

tunnel. The Arlberg tunnel, through the Tyrolese Alps, approximately

six and three-eighth miles long, making a third Alpine passage, was com-

pleted and opened for traffic in 1884. These constitute the most important

structures of their class in the world.

Hoosac Tunnel.—In America, the most important tunnel thus far con-

structed is the one through the Hoosac mountain, on the railway between

Troy, New York, and Greenfield, Massachusetts. It is approximately four

and three-quarter miles in length. It was commenced in 1856, and after

several periods of cessation was completed some twenty years later. Rail-

way- tunnels approximating a mile in length are quite numerous.

TItc Sutro Tunnel^ constructed to cut the celebrated Comstock lode

2000 feet below its highest point, to facilitate the ventilation and drainage

of the mines, and to afford a passage-way for the cheap and rapid transpor-

tation of the ores to a point on the Carson River, is approximately four

miles long; and when all the branches contemplated are built, this length

will be nearly doubled.

Other Important Tunnels.—Mention should be made of the Stand Edge

Tunnel ( about three miles long), the Kilsby (one and two-fifth miles), in

England; the De la Nerthe (two and one-tenth miles); the Blasy (two

miles), on the Paris, Lyons, and Marseilles Railway, in France; and the

Hauenstein tunnel (one and two-fifth miles), in Switzerland. In Germany

and Austria, except the several Alpine tunnels above described, there are

comparatively few long tunnels.

The following tabulation relating to the four principal tunnels of the

world may be interesting for reference:

Name of Tunnel.



Construction.] EXGIXEERIXG. 191

Projected Tunnels.—A double railway tunnel under the Hudson River

at New York has been partially constructed, though at the time of this

writing work thereon has been teniporaril)- suspended. The fact is note-

worthy that the plan was attempted of carrying the work forward beneath

the river in yielding material (silt, or river-mud) without the use of bulk-

heads, compressed air at the working headings being solely relied upon to

keep the earth in place. A disaster involving the loss of a number of lives

compelled the abandonment of this questionable mode of operation.

English Channel Tunnel.—A project of nmch greater magnitude than

any heretofore referred to has been mooted for several \ears, and the results

obtained from a considerable amount of preliminary work appear to have

demonstrated its entire feasibility. This is nothing less than the driving

of a tunnel beneath the bed of the English Channel to connect England

and France. The termini would be in the neighborhood of Dover, on the

English coast, and of Calais, on the French side. The advantage of the

proposed tunnel for the transport of merchandise without breaking bulk is

fully recognized, but political considerations have prevailed thus far to

prevent its completion.

Underground Railicay Tunnels.—Tunnels are used to some extent for

underground railroads in cities. In London a very extensive system of

this kind is in operation, which in respect of the magnitude of its traffic far

surpasses that of any system of rapid transit in use in any other city of the

world. London Engineering thus referred to it some 3'ears ago: " In Lon-

don the underground-railroad system has been in operation eleven years,

and so great has been its success, so fully does it meet the requirements of

the population, that every year adds to its extension. Opened in 1863 with

a section of four and one-half miles from Bishop's Road to Farringdon

Street, it has been considerably extended, until now (1875) it has a length

of thirteen miles, while new extensions are in process of construction.

I\Iany millions of passengers are annualh- conveyed over these underground

tracks, which extend beneath the streets in all directions, uniting the

principal centres of trade, intersecting all the great railway-lines, and by

the marvellous facility for traffic facilitating the enormous transactions of

daily business for which London is so renowned." At the present time

(1888) there are fifty miles of underground railway in operation in London,

carrying the extraordinary number of fifteen million five hundred thousand

passengers per mile per annum. On Plate 26 {Jig. 23) are shown the cross-

section of the tunnel and one of the stations of the underground railway

of London.

4. Road-bed.

The road-bed, intervening between the foundation and the superstruc-

ture (cross-ties, rails, etc.), effects the distribution of the traffic burden

over a larger surface of the road-foundation, lessening its liability to give

way under the weight. At the same time it serves effectually and rapidly

to drain the road-surface.
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Material of Road-bed.—The material that generally is considered the

best for ballasting the road-bed is broken stone, as the angular fragments

interlock well and thus distribute the pressure. It permits, likewise, of

the free passage of water. Coarse river-gravel affords an excellent material

for this purpose. Pit-gravel, on the other liand, frequently contains too much
clay to suit the requirements of the case. It is often difficult to procure

a suitable ballast; and when such is not obtainable along the line of the

road, the engineer in charge of the construction must employ the best

material at hand until something better can be obtained. Huntington, in

his Road-Mas/er^s Assistant, recommends mill (furnace) cinder broken

fine, when it is procurable, affirming that for the following reasons it has

no superior: Besides being elastic, it is dry, clean, free from dust, contains

no nourishment for vegetation, and permits water to pass off readily. Its

freedom from weeds is a very great economy, a large proportion of the

hack-work in summer being avoided on this account, while in winter the

road-bed is warmer and clears itself of snow. According to the same

author, engine cinders from the yards have like good qualities, but are

reputed to be less durable than mill cinders, blast-furnace slag, gravel, or

stone. When broken stone is used, it is recommended that the frag-

ments should not exceed in size a cube that will pass through a a^'i-inch

ring. Gravel, being liable to work out, is not so suitable as stone- or cinder-

ballast.

Dfp/h ofBallast.—Respecting the depth of ballast no absolute rule can

be laid down, but it is safe to say that it should not be less than one foot, in

order to insure the track against displacement from the effects of frost.

The ballast is carefully packed under the cross-ties, after these have been

placed in proper position, by the use of the tamping-pick [pi. 2^, Jig. 19).

On many railroads in Germany it is the rule to fill in the road-bed with

fine ballast up to the level of the head of the rails. The practice is based

on the belief that the cross-ties will be more securely maintained in posi-

tion and the wood more effectually protected against frost. The advantage

of this expedient is questionable, and it is not in vogue elsewhere. The

provision of proper drainage is of vital importance for the maintenance of

a good track.

5. Supports for the R.\ils.

The rails are supported upon transverse sleepers, or cross-ties, of tim-

ber. On some roads the sleepers are of iron or steel, more rarely of stone.

Track systems have been tried recently, in which such methods of support

are entirely dispensed with.

Cross-tics are usually 9 feet long, 10 inches wide, and 6 inches thick,

though their dimensions may vary slightly. They may ha\e a variety of

forms, as seen in the illustration (//. 2^, Jig. 17). In the United States the

invariable rule is to use hewn timber, sawed timber being employed only

when it is impossible to get a sufficient supply of the hewn material. In

the early history of railroads granite sills were utilized for supporting the



Construction.] ENGINEERIXG. T93

rails, but were found to be very o1)jectionable, on account of their want of

elasticity, and were soon abandoned in favor of wooden sleepers.

The Spacing of the Cross-ties is subject to some variation. On German
roads the rule appears to be to space them 3 feet from centre to centre.

Where the practice is followed of supporting the rail-joints (//. 2\^Jig. 17),

the supporting cross-tie is wider than the others. Where, as is usually

the case, the joints fall between the ties (suspended joints), the adjacent

ties are spaced closer—say about 2 feet. The average English prac-

tice is to provide each rail-length (30 feet) with eleven cross-ties, which

would correspond to a uniform spacing of 2^ feet between centres. It is

customary, however, to space them more widely in the middle portion of

the rails (as much as 3 feet apart), and more closely toward the rail-ends,

to afford greater support at the joints. On American roads the spacing of

ties is closer, the average being sixteen ties to a 30-foot rail, making the

mean distance between the ties about 2 feet from centre to centre. At
suspended joints the common rule is to allow 10 inches in the clear between

the two joint-ties.

Timber Usedfor Cross-tics.—In England and North Germany the wood
most commonly used for ties is pine or fir, the former lasting from seven

to eight years, and the latter from four to five. In South Germany and

France oak is commonly used, having a life of from fourteen to sixteen

years. In the United States a variety of timber is used for this purpose

—

namely, chestnut, the life of which is from five to twelve \ears; cedar,

from six to fifteen; hemlock, from three to eight; while oak lasts from five

to twelve years, and spruce pine from four to seven years.

Antiseptic Treatment of Cross-tics.—As the rapid decay of the ties

involves their frequent renewal, and correspondingly heavy expense, the

impregnation of the ties with antiseptic materials, to preserve them
against rotting, is very generally practised in European countries. In the

United States, where timber is still relatively cheap, the impregnation of

ties has not yet come into general use, although the time is near at hand

when the increase in cost of timber will force the adoption of this expe-

dient. As the use of suitable impregnating substances will double the life

of ties of fir and pine and triple that of ties of beech wood, nearly all the

principal European railroad companies, in view of these facts, have erected

a suitable plant for treating their ties by one or another of the numerous
processes that have been proposed for the purpose. The following methods

are those which are in most general use, and which hav-e exhibited the

best results in actual practice.

Prescrvatiz'c Processes: Kyanizing.—In the method devised b\' K^•a^

corrosive sublimate is the preservative agent. The thoroughly-seasoned

timber, hewn to shape, is immersed for about ten da\-s in a dilute solution

of this salt. The liquid is then pumped out, and the sediment that has

deposited itself upon the ties is washed off. The impregnated ties are then

allowed to remain for two or three weeks, to dry thoroughly before being

laid down.
Vol. v.—13
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T/ic Process of BolicJicrie^ chiefly used in France, employs a solution

of the sulphate of cojiper, which is forced by hydrostatic pressure into the

newly-felled tree, causing the sap to be displaced. The impregnating mate-

rial is contained in wooden tanks placed upon towers from 25 to 40 feet

high, whence it is conducted through pipes to the felled trunks. By suit-

ably capping the end of the trunk to be impregnated and connecting the

pipe conve^'ing the solution to the cap, the pressure of the liquid column

is sufficient to carry the preservative fluid through the log, the sap being

forced out at the other end. When the blue copper solution makes its

appearance at the opposite end of the log, the operation is finished, the

period varying, according to the character of the wood, from forty-eight to

one hundred hours. The process of Boucherie is open to the objection that

the impregnating material (sulphate of copper) is decomposed by contact

with iron, so that the spikes driven into the ties to hold the rails are

rapidly corroded.

Biirncttiziiig.—In Burnett's process, which is favorably regarded in

Germany, the preservative employed is the chloride of zinc (called Bur-

nett's fluid). The process as practised in Germany is described as follows:

The cut cross-ties, to the number of thirty or forty, are piled on a light

truck constructed for the purpose and run on rails into a large iron cham-

ber adapted to receive the same and to withstand the subsequent treat-

ment. The chamber is then sealed hermetically, and steam is admitted to

it for about three hours, until the wood has attained the temperature of

boiling water. The steam-supply is now shut off", and the steam, together

with the air displaced from the wood-cells by the injected steam, is per-

mitted to escape from the chamber by opening a valve controlling the

proper passage. The interior of the chamber is still further exhausted by

means of an air-pump until the pressure within has been reduced to one-

third of an atmosphere. By opening another valve, communication is

established between the chamber and a vessel containing a solution of

chloride of zinc. The latter is driven into the chamber by atmospheric

pressure until it fills the chamber completely and forces itself into the pores

of the wood. To make the penetration more complete, a force-pump is

applied until the pressure within the chamber reaches eight atmospheres.

The impregnation is permitted to go on from one to six hours, at the end

of which time the cross-ties may be withdrawn from the chamber.

Creosoting.—In the process of Bethell the impregnating materials

employed are the oily products obtained from the distillation of coal-tar.

As in the process just described, the penetration of the preservative agent

is assisted by the employment of pressure. The process is commonly
spoken of as "creosoting," from the fact that creosote is one of the princi-

pal constituents of the products used. The process has been modified and

improved by Seely, Hayford, and others in the United States, but in its

general features the operation does not differ materially from that of " Bur-

nettizing," above described. The creosoting process is more expensive

than the others, but the results obtained are now generally admitted to be



Construction.] ENGIXEERIXG. 195

better. In view of the expense, however, it may be preferable often to

employ a cheaper process. In addition to the above named, various other

fluid preservatives have been tried in this countr}^, such as sulphate of cop-

per, or of zinc, and chloride of barium (Thilmany), chloride of zinc with

glue, and tannin (Wellhouse), chloride of zinc and gypsum, etc.

The German railroads, on which the question of preser\'ing cross-ties

has been studied with the closest attention, have reached the conclusion

that for impregnation creosote and chloride of zinc are about of equal

value; but, as the impregnation with creosote costs about three times as

much as with chloride of zinc, a majority of the companies employ the lat-

ter. Of the sixty million ties laid on the German and Austro-Hungarian

railroads, it is estimated that nearly one-half are impregnated.

Genci-al Use of Preservative Processes.—In most European countries

timber is scarce and correspondingly costly, and, in consequence, its treat-

ment by one or another of the preservative methods above mentioned has

been found very advantageous on the score of economy, and is almost uni-

versally adopted not only for railroad-ties, but also for engineering struc-

tures generally.

In the United States the question of rendering timber more durable by

preservative treatment formerly received little attention. The improvident

destruction of the forest areas, however, is already beginning to make itself

felt, especially in the older-settled sections, and of late the subject has

received serious consideration. The conclusion reached by a committee of

the American Society of Civil Engineers which reported on the question

in 1885 was that "the time has probably arrived when in many sections

an economy of from twenty to fifty per cent, a year can be obtained in the

maintenance of timber structures and cross-ties by artificially preparing

them to resist decay, while in other districts timber is still too cheap to

warrant spending money to preserve it." While approving of creosoting

as the best process to use, the committee's judgment was that its cost would

preclude its use except in a few localities, and on this account, chiefly, the

committee recommended Burnettizing as the most advisable process for

railroad cross-ties.

When it is considered that there are in round numbers two hundred

and fifty thousand miles of railroad in operation in Europe and America,

having on the average two thousand cross-ties to the mile, of which it may
safely be estimated that one-seventh must be renewed each year, it will be

observed that the annual requirement of the railroads for cross-ties reaches

the enormous total of 75,000,000 feet, not only involving a vast consump-

tion of timber, but also necessitating a large annual expenditure of money.

In the United States, the annual outlay for renewal of cross-ties is more
than ten million dollars, and in Europe, where timber is much more

expensive, this annual outlay of the railroads must be relatively much
higher. In view of these facts, it is not surprising that attempts should be

made to substitute materials other than wood for cross-ties.

Stringers.—Wooden stringers (running lengthwise under the rails; pi.
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20, Jigs. 10, 12, 14, 15;//- 2^, Jig. 9), which were quite common in the

early period of railroading, are now rarely used save on street-railways in

cities, for which form of service their disadvantages of warping, and of being

difficult to bed substantially and to drain readily, are not so objectionable.

To maintain the proper gauge of the track, however, it is customary to

fasten the stringers to cross-ties laid betw^een them.

Stone Supportsfor Roadxvay.—Stone blocks, on which the rail was car-

ried by means of a chair (//. 2i,.,Jig. 14) of varying pattern, according to

the form of the rail, w-ere used in the early da\s of the railroad in England

and elsewhere, but soon fell into disfavor among engineers because of the

difficulty experienced in fastening the rail-chairs; furthermore, they proved

to be too solid and unyielding, causing rough riding, and consequently

were objected to by the travelling public. Latterly, however, their use

has been revived on the Bavarian State road, the Taunus road, and others.

These blocks, about 2 feet square on the surfaces, are roughly-hewn cubes

of hard rock (granite, sandstone, etc.), laid in a bed of well-consolidated

materials, and not in freshly-made embankments. The rail is fastened

down either by spikes driven into a wooden plug in the stone or by screw-

bolts passing entirely through the block. A strip of asphaltum felt is

placed between the base of the rail and the block {Jig. 22), giving a some-

what yielding bearing and serving by its elasticity to counteract the jar-

ring of the train, which otherwise would be serious. To prevent the

spreading of the rails, especially on curves, extra cross-sills are introduced

at the rail-joints.

Metallic Sleepers.—In place of stone blocks metallic sleepers have come

into vogue extensively in tropical countries (Egypt, Algeria, India), and to

some extent, also, in France and Germany. One of the best-known and most

practical forms of the metallic permanent way is the system of Greaves

{Jig. 23), introduced in 1846. The rail-support in this plan consists of

a pot- or bowl-shaped cast-iron sleeper having cast on its summit the chair

to which the rail is secured. To give the system the requisite strength

and to hold the track to gauge, every alternate pair of sleepers is firmly

united by transverse tie-bars of iron, which pass through and are bolted or

otherwise fastened to them. In the tops of the sleepers are holes through

which the material for packing may be introduced and tamped with a suit-

able rammer. Griffin has improved this plan of sleeper by casting it so as

to give a larger bearing-surface for the rail, and by casting ribs upon it to

give it greater strength (South America).

Wrought-iron Cross-ties.—Cross-ties made of wrought-iron were first

introduced in Belgium in 1862, and found their way into France and

Portugal, and afterward into Germany. The oldest (Belgian) form has a

horizontal I-shaped section {Jig. 29) with oaken blocks as the support and
for the attachment of the rails. In Germany the most successful system of

this order is that of Vautherin, first introduced upon the Lyons Railway,

in France, in 1864. This cross-tie has a section like the letter A with

the upper or triangular portion cut away. It is exhibited in Figure 30^.
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The section of the Vautherin sleeper gives great stiffness, so that even

when it is not well packed breakages rarely occur, and the sleepers are not

liable to displacement on curves. Figure ipb {pi. 24) illustrates the mode
of fastening the rail to the Vautherin sleeper. To give the rails the neces-

sary inclination, the tie is made slightly curved (_/?^. 30^?). The Vautherin

tie appears to have made an excellent record in service. It is not adapted

to a road-bed with broken-stone or slag ballast, but on a roadway ballasted

with gravel it answers its purpose admirably. It is reported that, while its

cost is no greater than that of an oaken sleeper, it will outwear three of the

latter.

S/ccl Cross-firs.—Cross-ties made of Bessemer steel have also been pro-

posed and experimentally introduced. The Boston and Maine Railroad,

in the United States, introduced ties of this material in 1885 on a sec-

tion of its road near Boston where they would be subjected to very heavy

traffic. They apparently have given entire satisfaction. Some years ago,

Sir William Siemens, in England, proposed the use of glass for this

purpose; but there is no evidence that the suggestion was ever put in

practice.

Metallic PcDuaitcnt Way.—While experiments looking to the substitu-

tion of cross-ties of iron for those of wood were being made elsewhere, the

engineers of the German railways were striving to develop the longitudinal

permanent way in metal, the object of their efforts being to produce a rail

which when laid directly upon the road-bed should have sufficient rigidity

to support the traffic-load without displacement. A rail of this descrip-

tion {fig. 24) was proposed in England in 1849 by Barlow, but did not

prove successful in practice. The system of Hartwich embodies the same
principle. In this, the rail has a broad, flat base, which rests in and is

bolted to a metallic base-plate, and the adjoining rails are secured to one

another by means of a fish-plate union. The gauge of the way is maintained

by transverse tie-bars at suitable distances apart. The Hartwich iron way
appears to have met with more favor in Germany than elsewhere. Figures

2<^a-c shows a section of the road-bed prepared to receive this rail, and the

mode of fastening and joining the rail.

HilP s Metallic ]Vav.—While in the Hartwich system the rail and its

longitudinal sleeper are united in a single piece, the Hilf metallic perma-

nent way, another German system, is formed of two parts—namely, a rolled

longitudinal sleeper of peculiar form and a comparatively light flange-rail

of steel. The cross-section of the sleeper resembles the letter E with angles

bevelled and laid face down, .so as to present a flat upper surface, to which

the rail is secured by bolts and nuts. The adjoining rails are united by

fish-plate connections, and the gauge is preserved by means of transverse

tie-rods secured at both ends with nuts. One of these tie-rods is used for

each length of rail (30 feet). The Hilf system is very well spoken of as

being simple, cheap, easily laid and maintained, and has shown good

endurance in service. It has given excellent results on the Na.ssau (Ger-

man) railways. A cross-section of the road-bed with Hilf's system, and a



198 CONSTRUCTIVE ARTS. [Railroad

rail-section exhibiting the mode of fastening employed, are seen on Plate

24 {fig^- 26^, b).

Schiffler^s Metallic Way.—The head of the rail is the portion that suf-

fers the most from wear: the web and base remain in good serviceable con-

dition, while the head may be so badly worn away as to be unserviceable.

Taking advantage of this fact, the German engineer Schiffler of Brunswick

devised a metallic permanent way in which the rail-head is made of cast

steel and so arranged as to be removable and replaceable. Figure 28

shows a section of the Schiffler permanent way, in which the rail-head

of steel is seen attached by bolts and nuts to a longitudinal sleeper formed

of two angle-irons. An iron reinforcing plate is introduced below the rails

at joints, and the gauge is preserved by the use of transverse tie-rods or

strips. A plan similar in general principle to the foregoing was employed

in the construction of the Hanover State Railway. It is exhibited in

section in Figure 27. The longitudinal sleeper forming the rail support

and base consists, in this case, of two obtuse-angled plates of rolled iron,

between which the rail-head is secured by bolts and nuts in the usual

way. The gauge is preserved by transverse plates of flanged iron, and, to

strengthen the sub-rail to resist longitudinal displacement, saddles of T-iron

bent to proper shape are riveted to the under side of the sub-rail at inter-

vals, as seen in the sketch.

Composite rails of the kind just described present difficulties in laying

with accuracy and maintaining in alignment, especially on curves.

Indeed, taking the experience gained with the entire system of metallic

permanent way, of which many forms have been proposed and experiment-

ally tested in addition to those herein described, it would be unsafe to say

more than that it has been demonstrated that iron may be substituted in

place of timber for roadway sleepers.

6. R.\ILS AND THEIR F.\STENINGS.

Early Forms of Rails.—The first rails were made of cast iron, and con-

tinued in use until Birkenshaw of Bedlington, Durham (England), made
the first rolled rail of wrought iron, the metal, while hot, being passed

between grooved rollers of the required pattern. The cast-iron rails had
several disadvantages. They could not be made in lengths exceeding i or

2 yards, and they possessed so little elasticity that they were readily

broken, not only by concussion, but also where the support of the sleepers

was insufficient. The first rolled rails—the "fish-bellied" pattern, laid

in cast-iron chairs—were modelled after those of cast iron. Robert Ste-

phenson is believed to have been the earliest to introduce (about 1838) rolled

rails of uniform cross-section. These were at first supported upon longi-

tudinal sleepers, but the plan was soon abandoned in favor of the cross-tie

system, now almost universally employed.

Wro2ight-iron and Steel Rails.—The rolled rail of wrought iron was
decidedly superior to the cast-iron rail, and, its length and weight being

increased to conform to the progressive increase in the weight of locomo-
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tives and trains, it served its purpose passably well for tliirt}' years.

Within the past twenty years, however, there has been an enormous

growth of railroad traffic. To accommodate this, the power and weight

of locomotives have been materially augmented to enable them to draw
heavier trains, the average speed has been raised, and powerful mechanical

appliances have been introduced to permit of the quick stopping of the

trains. Consequently, the wear of the rails has been greatly increased,

and, had not the development of the Bessemer steel process, proceeding

coincidently with the growth of railway traffic, made it possible to produce

rails of much greater power to resist wear than the rolled-iron rail, the

railway system, as Mr. D. K. Clark forcibly puts it, " would have broken

down under the enormous growth of traffic." At the present time iron

rails have practically gone out of use, and upon all the principal railway-

lines of Europe and America, Bessemer (and to a slight extent, also, open-

hearth) steel rails have taken their place. How completely this statement

may be verified by American practice will appear from the fact that dur-

ing the year 1887, out of the total production of 2,139,640 tons of rails,

2,119,049 tons were of steel, and only 20,591 tons of iron.

The life of a steel rail is commonly estimated to be six times that of an

iron rail of the same weight. This is an understatement, as there are

many situations (in and about stations, in yards, etc.) wliere, under the

weight of the ponderous freight-engines employed in shifting and making
up trains, a steel rail will outwear fifteen or twenty rails of iron, which
latter would be so badly battered and laminated as to require replacement

after one or two years of service, the steel rail in the same period exhibit-

ing little, if any, signs of wear.

Rail-fastcnijigs.—In respect to the form of the rail and the mode of

fastening, the following general types may be recognized—namely, the

chair-rail, almost universally used on the British railways (//. 2\,fig. 18),

in which the rail is supported in cast-iron chairs on cross-ties of wood or

other material; the longitudinal-sleeper (or stringer) system {Jig- 9), in

which the rail is continuously supported: restricted, at present, to tram-

ways or street railways in cities; the flange-rail system {fig. 17), with a

broad-base rail secured directly to cross-ties: in general use in Germany,
France, and elsewhere in Europe, and universally in the United States and
Canada; and the metallic permanent wa}-, in which the superstructure is

entirely of iron {figs. 23-30): in use to a limited extent in various Euro-

pean countries.

The Forms ofRails that have been devised are legion, but it will suffice

to refer to those only that have come into general use. These are (i) the

flat, or street-car, rail {fig. 9<r); (2) the bridge, or Brunei, rail {fig. 11);

(3) the single-headed chair-rail {fig. 14); (4) the double-headed chair-

rail {fig. 13); (5) the broad-base rail {fig. 12), called variously the flange-

rail, T-rail, Stevens, or Vignoles rail; (6) the Barlow rail {fig. 24). At the

present time the flange-rail and the chair-rail (single and double headed)

are the two forms that are nearly universally employed, and these alone
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need to be considered in connection with the question of the most advan-

tageous form of rail. The strain to which a rail will be subjected is that

resulting not only from the vertical pressure of the load, but also from a

lateral pressure, usually from the swaying of the moving load from side to

side. The rail, therefore, in addition to a sufficient cross-section to with-

stand the first strain, must have sufficient lateral stiffiiess to withstand the

second.

The Flaiigc-rail^ with its broad base and direct attachment to the cross-

ties, would seem to have the advantage, in this respect, of the chair-rail,

with its narrow base and indirect form of fastening. The ease with which
the flange-rail may be secured to the sleeper with fastenings of the simplest

kind is another notable advantage in its favor; there is also a decided gain

in economy in the case of the flange-rail in dispensing with the chairs.

These advantages have been deemed sufficient to induce the almost uni-

versal adoption of the flange-rail in Continental Europe and America.

The Double-headed Rail, keyed in chairs, was at one time in general

use in France, but it has been removed and the flange-rail substituted, with

its simpler mode of fastening. In Great Britain the chair-rail, in the form

of either the doubled-headed rail (pi. 2i,,Jigs. 13, 15) or the bull-headed

rail, is in common use; to a limited extent, however, the flange-rail is in

use in Ireland. The advantages claimed for the double-headed rail are

that it may be turned or reversed when the head is worn; that, the mode
of fastening being less rigid than that of the flange-rail, it causes less dis-

turbance of the superstructures; and that it involves less labor for mainte-

nance. Of these alleged advantages, the first named appears to be the

only one of any importance. On the other hand, the under side of the

reversible rail is liable to be indented by hammering against its seat, unless

the precaution is taken to cushion the blow of the wheels transmitted by

passing loads, and the mode of securing the rail in the chair by means of

wooden keys does not altogether prevent the "creeping" or longitudinal

displacement of the rail.

The ''-Bull-headed^'' Rail, according to I\Ir. D. K. Clark, is the form in

use in the majority of the railway lines of England and Scotland, and pos-

sesses all "the advantages of the double-headed rail, except that, like the

flange-rail, it is not reversible." Lacking the element of reversibility, the

advantages of the bull-headed rail are questionable, and its verj' general

use in the United Kingdom, notwithstanding, is not readily explained.

Si~e and l]\'ight of Rails.—The dimensions of rails vary considerably

according to the traffic weight they are to bear. In English practice,

according to Clark, doubled-headed and bull-headed rails "are rolled to a

weight of from eighty-two to eighty-.six pounds per yard; the heads are

made from 25^ to 2^i^ inches wide; the webs are from ^ to ij\ of an inch

in thickness, and the height of the rail varies from 5^ to 5^^ inches."

The usual length is 30 feet. The weight of rails on standard-gauge rail-

roads in the United States will vary from sixty to eighty pounds per yard.

The common practice is to employ rails of from si.xty to sixty-five pounds
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per yard. Thirty feet long and ^14 inches high are nsnal dimensions. Rails

weighing as much as one hundred pounds to the yard are in use on certain

Englisli roads where the traffic is unusually heavy, and also to a limited

e.Ktent in the United States (Pennsylvania Railroad).

Rail-bending Machines.—For adapting rails to curves, rail-bending

machines of various forms are emplo}-ed. Plate 24 {Jigs. 20a, b) exhibits

a machine for this purpose. In this the ends of the rail are drawn down
by means of levers. Figure 21 exhibits a rail-bending machine with

adjustable rollers. Hydraulic machines for the same purpose are in com-
mon use.

T/ic Rail-cliairs are of cast iron, weighing from thirty to fifty pounds

and having a width of from 4J< to 8 inches. Tlie rails are secured in place

in the chairs by means of keys of hard wood (oak) or iron, and frequently

are supported on cushions of hard wood placed on the chairs, which afford

an elastic bearing for the rail. This arrangement not only contributes to

the smooth running of trains, but also prevents the indentation of the

lower head of the rails. Such modes of support are seen in Figures 14

and 15. As above remarked, the use of the chair-rail is confined princi-

pally to Great Britain, the general verdict of railway engineers being that

it is a cumbrous and expensive expedient without any notable offsetting

advantages.

Rail Connections : Fish-plates.—In order to prevent the vertical or hori-

zontal displacement of the rails at the joints from the weight of passing

trains, the ends of contiguous rails are firmly united by so-called "fish-

plates" and angle-plates of iron or steel of various forms. This mode of

union is seen in Figures 17 and 18. A typical form of fish-plate is shown
in Figure 12. Figtire 25^ exhibits the very powerful fish-plate joint of the

Hartwich rail. These devices consist of two parallel iron or steel plates

placed within the side-channels of the rail and firmly fastened to the latter

and to each other by bolts and nuts (of which there are two to each rail-

end) passing through the web of the rail. These plates are commonly
rolled in long bars, which are afterward cut off" in proper lengths, usually

2 feet, and the weight of the complete joint, including bolts and nuts, is

about twenty pounds. The sharp undercut rail-head {fig. 12) is more

favorable for this form of fastening than the sloping form {fig. 16), since

the former offers a better bearing-surface and makes a stronger joint. To
give greater vertical stiffness to the joint, the fish-plates are in some cases

carried down along the lower member of the rail, and occasionally are

turned under it (clip fish-plates).

Angle-plates for rail-joints are likewise used to make a stronger union

{pi. 25, fig. 3). These have flanges which extend down over the foot of

the rails and bear upon the cross-ties {fig. 9), to which they are spiked. Fig-

ures 10 to 12 show various rail- and joint-sections used upon American

railroads.

Plate-fastenings.—To allow for their expansion and contraction by

changes of temperature, the rails are invariably laid with a slight space
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between tlicm. The common rule in this respect on American railways is

to allow {\ of an inch space in winter and y^ of an inch in summer. The

holes in the fish- and angle-plates are for this reason made oval, to allow

for the end movement of the rails. The shoulders of the bolts, immedi-

ately under the heads, are likewise given a corresponding oval section, to

conform to the shape of the hole in the-fish- or angle-plates into which they

fit. By this expedient the bolt is prevented from turning when the nut is

screwed on.

Nut-locks.—Much difficulty is experienced in keeping in place the nuts,

which the almost continuous vibration the rail is subjected to by the pas-

sage of trains tends to loosen. To guard against this, many forms of nut-

locks have been designed. A favorite artifice to meet the difficulty is that

of rolling the fish- or angle-plates with a longitudinal groove about }i of

an inch deep along their entire length. This groove is just wide enough

to receive the head of the nut, and is intended to prevent the nut from

unscrewing.

Bridge-joint.—Many other forms of joint have been proposed, and to

some extent introduced in practice. The Fisher "bridge-joint" (//. 25,

Jig. 5), an American invention, is one that has met with favor. In con-

tradistinction to the fish- and angle-plate joints, which apply the support

under the head of the rail, the Fisher joint applies it under the base. From

Trautwine's description, it consists of a flanged iron beam about 6 inches

wide and 22 inches long, which extends across and is spiked to the two

joint-ties. The two rail-ends forming the joint rest upon this beam and

meet at the middle of its length, and are held down to it by a single

U-shaped bolt with a nut on each leg. The corners of the rail-flanges have

rounded notches, through which the bolt passes, and a wedge-shaped piece

with a hole, through which the shank of the bolt passes, is placed over

this and rests upon the rail-flanges, giving a level bearing for the nut.

This form of joint does not require the sharp undercut head that is neces-

sary where the fish-plate fastening is used, so that its adoption permits of

the employment of the stronger pear-shaped rail-head. Furthermore, it

obviates the necessity of drilling or punching the web of the rail.

Supported and Suspended Joints.—According as to whether the joint

rests directly upon a cross-tie {pi. 24, fig. 17) or is placed between two ties

{fig. iS), the terms "supported joint" and "suspended joint" are used

respectively to distinguish them. The suspended joint is in vogue upon the

majority of roads, experience having shown that this disposition affords

ample strength and less liability to injury of the rail-ends. For securing

the rail to the cros.s-tie, hook-headed spikes {fig. 17) are commonly used.

These are driven in alongside the foot of the rail and on both sides in such

a manner that the hooked head of the spike overlaps and grasps the base

of the rail. The supported joint was formerly very generally used in con-

nection with chairs of wrought iron of various patterns. A simple plate of

wrought iron drilled or punched with holes for the admission of the spikes

is still used in Germany to some extent.
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Importance of Condition of Road-bed and Track.—Upon the condition

of the superstructure of the road-bed and its maintenance in the most
excellent condition will depend in large measure not only freedom from
accidents, but also the railroad company's ability to conduct its traffic with
economy and despatch. The price of safety is eternal vigilance, and the

continued good condition of the road-bed and track can be assured only by
some well-devised system. of daily inspection and constant repair. The
proper management of this important branch of the service is effected by
the division and subdivision of the road into sections and sub-sections, to

each of which there is assigned a well-organized body of trained officials

and subordinates, who are responsible for the condition of the section

placed in their care.

Road Division.—The Pennsylvania Railroad, for example, is divided

into Grand Divisions, Superintendents' Divisions (each about one hundred
miles in length). Supervisors' Divisions (about thirty miles), and Subdi-

visions (two and one-half miles). This company has in practice a system

of premiums to supervisors and foremen for the excellence of condition of

the roadway under their charge—a plan that has been found to work admi-
rably in practice, and has doubtless contributed in no small degree to the

maintenance of its road-bed and track in that high condition of excellence

for which it is famous both in the United States and in Europe.

Rulesfor Road Inspection.—It will be useful at this point to indicate

some of the rules issued by the company for the direction of the division

officials, since they are instructive in exhibiting the care which is bestowed

upon minor details:

"The track must be in good surface; on straight lines the rails must
be on the same level, and on curves the proper elevation must be given to

the outer rail and carried uniformly around the curve. The elevation

should be commenced from 100 to 150 feet back of the point of curvature,

depending on the sharpness of the curve, and increased uniformly to the

latter point, where the full elevation is attained. The same method should

be adopted in leaving the curve. The track must be in good line. The
splices must be properly put on, with the full number of bolts, nuts, stop-

washers, and stop-chairs. The nuts must be screwed up tight. The joints

of the rails must be placed midway between the joint-ties, and the joint on
one line of rail must be opposite the centre of the rail on the other line of

the same track. In winter a distance of y\ of an inch, and in summer yg-

of an inch, must be left between the ends of the rails, to allow for expan-

sion. The rails must be spiked on the inside and outside of each tie on
straight lines as well as on curves.

" Cross-ties must be properly and evenh' spread, sixteen ties to a 30-

foot rail, with 10 inches between the edges of the bearing-surfaces at joints,

with intermediate ties evenly spread a distance of not over 2 feet from cen-

tre to centre, and the ends, on the outside on double track and on the

right-hand side going north or west on single track, must be lined up par-

allel with the rails. The ties must not under any circumstances be notched,
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but, should the}' be twisted, must be made true with the adze, and the

rails must have au eveu bearing over the surface of the ties.

" Switches and frogs must be kept well lined up and in good order.

Switches must work easily, and safety-blocks must be attached to every

switch-head. The switch-signals must be kept bright and in good order.

"Ballast must be broken evenly and not larger than a cube that will

pass through a 2>^-inch ring. There must be a uniform depth of at least

12 inches of clean broken stone under the ties. The ballast must be filled

up evenly between, but not above, the tops of the ties, and also between

the main tracks and sidings. In filling up between the tracks large stones

must be placed in the bottom, to provide for drainage; but care should be

taken to keep the coarse stone away from the ends of the ties. At the

outer end of the ties the ballast must be sloped off evenly to the sub-grade.

The road-crossing planks must be securely spiked; the planking should be

34 of an inch below the top of the rail and 2jX inches from the gauge-line.

The ends and inside edges of planks should be bevelled off.

" Ditches must be graded parallel with the track, so that the water may
pass freelv during heavy rains, and that the road-bed may be thoroughly

drained. The lines must be well and neatly defined and made parallel with

the rails. The necessary cross-drains must be put in at proper intervals.

Earth taken from ditches or elsewhere must be dumped over the banks and

distributed over the slope. The channels or streams for a considerable

distance above the road must be examined, and brush, drift, and other

obstructions removed. Ditches, culverts, and box-drains must be cleared

of all obstructions and the outlets and inlets of the same kept open, to

allow a free flow of water at all times.

"Telegraph-poles must be kept in proper position, and trees near the

telegraph-line must be kept trimmed, to prevent the branches touching the

wires during high winds.

"All old material must be gathered up at least once a week, and neatly

piled at proper points. Briers and underbrush on the right of way must be

kept close to the ground. Station-platforms and the ground about them

must be kept clean and in good order."

Plate 25 {Jig. 14) shows a sample track of this road furnished with a

track-tank for taking on water for the supply of the locomotive while the

train is moving at high speed. Figure 15 is a view of a signal-station of

this road. Figure 8 shows a typical cross-section of its road-bed, and Fig-

ures 3 and 9 the manner of making a connecting-joint between rails.

7. Turnouts and Switches.

Turnouts.—On single-track railways, on which trains must be run in

both directions, it is necessary' to provide some means whereby one train

may turn from the main track to permit another to pass by. Again, it is

necessary to provide means wherebv one train may be able to pass another

going in the same direction, and in the case of a double track it will often

be required to transfer a train from one set of tracks to the other. To meet
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these requirements, turnouts are provided at various points along the line

of the road, their number being regulated by circumstances and by

localit)-. To connect the turnout with the main track, or, in the case

of the double track, to connect the two tracks with each other, various

devices have been invented, of which, however, the one most commonly

used is the switch. From both tracks branch-tracks are laid, curving in

opposite directions and connected by a straight piece of track, the entire

arrangement being called a turnout. The forward part of the device, from

the point where the tracks to be united separate into branches at an acute

angle to the crossing of the main rail by the outer one of the turnout,- is

designated specially as the switch, while the rail-section at the point where

the rails diverge is called the frog._(//. 24, figs. 33, 34).

Cross-szvitches.—Turnouts lying in opposite directions between two

tracks to be connected and symmetrically disposed between the two are

termed cross-switches (//. 2B, fig. 3). Where one track intersects another,

we have a crossing. On Plate 24 {fig- 31) is shown a crossing at a very

acute angle, in which the transfer of trains from either of the main tracks

to the other may be accomplished. In this arrangement, besides the sim-

ple frogs at the ends of the switch, two double frogs are provided at the

central part.

Si2ib-szi'itch.—A simple form of switch in general use is the so-called

"stub-switch," in which the switch-rail (that is, the movable section of

rail inserted between the main and the side track) has blunt or square ends,

which can be thrown, by means of a switch-lever, in line with one or the

other set of tracks. This arrangement is seen on Plate 25 {fig. 7). It is

evident that in the event of the displacement of a switch of this kind the

train will be derailed.

Point-szi'itch.—In the split-, tongue-, or point-switch the switch-rail is

pointed. The operation of this type of switch will best be understood from

the diagram {fig. 6), in which the flanges of the rails are omitted for

the sake of clearness. The upper part of the figure exhibits the switch set

for the main line; the lower part shows it set for the turnout. The outer

two rails of the combination—the so-called "stock-rails "—are continuous,

and are spiked to the ties throughout. By means of fish-plates the heels

of the two pointed switch-rails are usually fastened to the ends of the rails

which lead to the frog. The pointed ends of the switch-rails are left free,

to be moved about their heels or fulcrums. The pointed or free ends of

the switch-rails are connected with each other by means of connecting-

bars, and are thrown so as to make communication with either the main

line or the turnout by means of the switch-lever {fig- 13). The pointed

end or "toe" of each switch-rail permits it to fit close up to the head of

the main-track rail, with which it maybe in contact. On this account the

name "point-switch" is commonly applied to this type of switch. That

the weight of the passing train may not come upon the thinnest portion,

where the metal is not strong enough to bear it, the top of the switch-rail,

from the point some distance back, is made somewhat lower, so that the
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pointed portion shall lie under the head of the main rail. As a precaution

to prevent the possibility of a wheel-flange striking a point, short sections

of rail—called "guard-rails"—are laid down opposite the parts, close to

and parallel with the main rails.

Safety-sivitches have been devised to avoid the frequent accidents caused

by misplaced switches. These are so contrived that trains will be able to

pass them safely even if they are misplaced. Such is the Wharton Safety-

switch (//. 2^-, Jig. 4), used upon the Pennsylvania and other roads in the

United States. In the case of stub-switches, safety-castings are sometimes

provided, which are bolted to their sides, and which, in the event of mis-

placement of the switch, receive the flanges of the wheels of a train and

guide them safely to the switch-rails. Safety devices in connection with

switches are of no avail when the moving train faces the switch, seeing

that in such case it must go the way the switch is set, whether right or

wrong. Various forms of switches and their attachments are shown on

Plate 24 {Jigs. 31-34).

Szcitch-stands.—The throwing of the points of the switch is effected by

means of a lever pivoted in a cast-iron frame—the "switch-stand." The

lower end of the lever is suitably attached to the connecting-bar joining

the movable ends of the switch-rails {Jig. 31). Provision is made for

securely locking the lever" when it is set either way, and frequently a

counterweight is attached to its free end, to assist in bringing it to its

proper place. The upright stand commonly used is shown on Plate 25

{Jig. 13). The stand is provided usually with two notches, to one or the

other of which the lever may be secured by some convenient locking

device. Where, as in the case of stub-switches, it may be necessary to

have three throws, three notches are arranged accordingly. The top of the

switch-lever is usually furnished with a target, which enables the engine-

driver readily to observe which way the switch is set. The "ground-

lever" or "tumbling-lever" stand is largely used in the United States.

In this form the lever lies upon the ground in whatever position the switch

may be set. It is convenient, as it occupies ver}- little space. A colored

target or a lantern may be connected with this, as with the other form, to

indicate to the engine-driver the position of the switch.

Turntables.—It would obviously be very inconvenient, were it neces-

sary, to conduct all the movements of trains and locomotives solely with

the aid of switches, and this inconvenience would be felt especially at

important stations. For the manipulation of entire trains with the loco-

motive, the switch and the turnout afford the only ser\'iceable method; but

for the more rapid transfer of rolling-stock, especially of single locomotives

and cars, from one track to another, or into round-houses, shops, etc.,

other appliances are used, by which a sudden change or complete reversal

of direction may be made. These movements are effected by turntables

{pi. 2%^ Jig. 13; pi. T,i,Jig. i), or, where a lateral movement only is called

for, by a travelling platform such as that shown on Plate 28 {^g. 14).

The turntables now in universal use in railroad shops and yards, and at
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all important stations, consist of a platform to -which, by suitable mechanical
artifices, motion can be imparted in a horizontal plane. The top of the

platform carries one or several tracks of rails. The platform is rotated

about a central pivot and at the outer end carries rollers, on which it turns,

the rollers running upon a circular track. The turntable is made long

enough (from 40 to 60 feet) to accommodate a locomotive with its tender.

The frame is either of wood (where it is housed) or of cast or wrought iron.

The table is usually placed in a masonry-lined pit so adjusted in respect to

height that the tracks it carries on the platform shall be on a level with

that of the rails of the tracks with which it is intended to make connec-

tion. The platform is made occasionally in the form of a cross, providing

for two tracks at right angles to each other, or, for greater convenience, it

may cover the whole of the pit and carry a number of radiating tracks.

To reduce the friction as much as possible, the centre-bearing is provided

with anti-friction rollers or equivalent devices. Adams's (English) turn-

table, referred to by Knight, floats in a water-tank. The turntable is

moved either by a lever or by wheel-work, or occasionally, where it is in

constant use, by a small steam-engine carried on the platform. A cross-

section of the form of turntable largely used in the United States is shown
on Plate 31 {Jig. i).

The Transfer-table {pi. 28, fig. 14) consists of a section of track sup-

ported on a suitable carriage. The carriage is moved forward and back-

ward on a depressed track at right angles \q the track-rails with which
connection is to be made, so that the track on the platform carrying the

locomotive or car may be aligned with any set of them to which it is

desired to transfer it. The Figure exhibits the construction of one of these

transfer-tables, and the mechanism by which it is actuated.

Car-transfer Apparatus.—The value of narrow-gauge railroads as feed-

ers depends much upon the facilities for handling through freight with
economy and despatch. By means of the Ramsey car-transfer apparatus,

the cars of the standard gauge can be transferred to the narrow gauge with-

out breaking bulk. B}' this device, the trucks under the cars are removed
expeditiously and easily, and others are substituted which are adapted to

the gauge to which it may be necessary to change.

The means employed to effect this change of trucks consists of a

depressed portion of the main tracks of the roads of both gauges laid par-

allel one within the other {pi. ^1, fgs. 12-14), with other tracks of the

grade of the main line at the sides of this depressed portion, extending

somewhat bej'ond both ends of the incline entering the depressed portion

of the track {fg. 13). Upon these side-tracks are fitted wheeled trucks,

which, being placed at the sides of a car before entering the incline, and hav-

ing beams or bars placed across them under the body of the car {fig. 12), carry

the car-body at the grade of the road, supported upon the side-truck and

tracks, while the truck of the car descending the incline is disengaged and

remains in the depressed portion {fg. 13). As the car progresses, the king-

bolts engage with trucks previously placed on the depressed track and
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having wheels of the other gauge, and these trucks, rising on the other

incline, receive the weight of the car-body and permit the withdrawal of

the beams. The temporary supporting-trucks are thus disengaged, leaving

the car ready to run upon the road of another gauge.

By the simple artifice of effecting this transfer upon side-tracks laid

with a sufficient gradient to supply propelling-power adequate to carr^' the

cars by gravity over the depressed portion of the track and to lift the new
set of trucks upon the incline to the road of differing gauge, the necessity

for the application of motive-power in effecting the transfer is obviated.

This system of transferring cars has proved of great value in the railway

service of the United States (where until recently divergencies of gauge

were very numerous) in saving time, labor, and expense.

8. Drainage, Road-crossings, Road-divisions, Etc.

Drains.—To lead off the watercourses that intersect the road, suitable

provisions must be made by means of structures that will vary according

to the size and direction of the stream and the nature of the available

building material. Where the amount of water to be carried across the

road is very small, drain-pipes constructed of cast iron, earthenware,

cement, asphaltum, etc., may be made use of for the piarpose (//. 26, Jigs.

7, 8). The ends of these drains are commonly built in with masonr}- floor

and side walls and provided with a pit of masonry at the entrance, to .serve

as a mud-receptacle. Covered drains of masonry are used for watercourses

of somewhat larger volume {Jigs. 9, 10).

Culverts.—Where the stream to be spanned is still larger, arched cul-

verts {Jigs. II, 12) are resorted to, the arches of which are given usually a

covering of cement or asphaltum, to protect them against the infiltration

of moisture from the overlying material of the embankments. Where the

descent is comparatively steep {figs. 13, 14), the floor of the drain or cul-

verts is sometimes stepped; but this arrangement, which conducts the

water by a series of cascades, is apt to be severe on the masonry. The
smooth pavement in the form of a flat inverted arch is given commonly the

preference. Special care must be observed to secure unyielding founda-

tions under high embankments, lest the superincumbent weight should

cause settlement or distortion of ground by lateral pressure.

Giiltcrs.—Where the vertical distance from the bottom of the creek or

rivulet and the road-surface is insufficient to permit of a covered drain or

culvert, an open gutter is formed, in which case either the two adjacent

cross-ties rest on the stone side walls, or, if the drain be too wide, the track

is supported on iron carriers resting on the walls. As, on the one hand,

the arched drains, by increasing dimensions, gradually develop into stone

bridges, so, on the other hand, the carriers over the open drains may be

looked upon as iron bridges in miniature.

Road-crossings.—The railwa}* necessarily intersects many roads, public

and pri\-ate, which for convenience of travel must be left open. In all

cases where this is practicable, and especially in cities and towns, such
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crossings should not be made at grade, but should be carried either above

or below that of the railway. In Europe, where man}- of the railways are

operated by the government, a much more exclusive control of the road-

way is exercised than in the United States. Trespassing on the tracks is

forbidden, under penalty, and road-crossings are everj'where carefully

guarded. Should the road and the railway be on the same level, or should

there be a slight difference in height, requiring trifling modification by
levelling, a crossing is commonly made at grade, which crossing—at least,

on principal lines—it is the custom to provide with a gate or other safe-

guard that may be closed to prevent accidents while trains are passing the

point.

To avoid railroad-crossings at grade, the railway must be made either

above or below the highway. Where the railway is an elevated crossing,

the depressed highway resembles the arched or open drains above men-
tioned, except that the floor is arranged as a highway with the necessarv

width. Elevated crossings are viaducts of wood, stone, or iron furnished

with one or more openings, according to the width of the roadway.

Depressed railway-crossings are usually seen where the railroad passes

through cuts or between embankments. Even in cases where the con-

formation of the ground would make crossings at grade the easier and
cheaper course, overhead crossings are considered preferable, because they

are safer and require no attendant to guard the place. The rapid growth
of a multitude of towns and cities along the lines of railways extending

into new territory is responsible for the very general existence of grade-

crossings. Crossings at grade are rapidly disappearing from the more
important cities, but in a great number of situations, unfortunately, thev

still prevail, and they will disappear only when the inconvenience and the

danger resulting from them become insupportable.

Safety-gates.—These gates are commonly placed in charge of the signal-

er flagman, who thus combines the functions of a watchman with those of

a signal-man. Where two grade-crossings happen to be near enough
together, the services of one flagman may suflfice for both gates or bars,

which are operated, the one directly and the other by some connected

mechanism. The gates or barriers that guard the grade-crossings vary
greatly in construction and mode of operation. In some cases a weighted
lever is employed, which is raised and lowered; in others the barrier is

made to turn upon a pivot or moves on rollers, or is made of a number of

jointed levers that may be projected across the roadway. Some are so

devised that they may be operated by a signal-man from a considerable

distance. For greater safety, the barrier is often furnished with automatic
bell-.signals, and, in addition to these safeguards, printed signs of warning
are erected at the approaches to the crossings. Figure 16 {pi. 28) exhibits

one of the man}- devices employed for this purpose.

Rond-divisioiis.—The road is made up of divisions, sections, sub-sections,

etc., each of which is under the charge of special officers and employes

(P- 203), and these divisions, etc., are designated by numbers, letters, and
Vol. v.—14



2IO CONSTRUCTIVE ARTS. [Railroad

other arbitrary symbols. It is customary to provide mile-stones or iron

tablets to indicate the distance from terminal points of the road or from

main stations. It is also usual to denote every change of grade by some

convenient method which will show not only the grade, but also the dis-

tance for which it remains constant.

Track-surveillance.—The road is kept under constant surveillance by

the trackmen, whose business it is to go over the stretch of road assigned

to them a certain number of times each day and night; and various meth-

ods of checking and controlling the men in the faithful performance of this

important duty are in vogue. On the Continent of Europe those portions

of the road beyond the control of the guards are fenced in, to prevent

access thereto of men or animals. Such provision is especially necessary

at stations. In the United States, save in a few exceptional cases, and in

these only upon limited sections of track, such elaborate provisions for

guarding the roadway are not possible, for a number of reasons; the chief

among these are that railway companies have not such absolute control

over their roadway as is the case in European countries, and that on the

score of expense the great length of many of them would preclude such

supervision.

9. St.\tions.

To afford the necessary facilities for the rapid and convenient reception

and discharge of goods and passengers, as well as to provide for the neces-

sary renewal or increase of the motive-power required to move the trains,

stations are established. They serve, further, as convenient yd)« for the

distribution of traffic by other modes of communication—by roads, canals,

rivers, and the sea.

Classes of Stations.—According to their location, stations are distin-

guished as terminal or intermediate stations. The necessity of dividing

the passenger from the freight traffic has caused suitable provision to be

made at terminal stations for the management of these two form.s of traffic;

so that the terminal station comprises a passenger station and a freight sta-

tion. Furthermore, as provision must be made for the temporary shelter

and the repair of locomotives and cars, such terminal stations, and to some

extent, also, the intermediate stations, in proportion to their importance,

are provided with round-houses for the locomotives, car-sheds for the hous-

ing and cleaning of cars, and repair-shops for the repair of both.

Location of Stations.—The location of passenger and freight stations

will be governed largely by circumstances in which convenience and econ-

omy are the principal considerations; not infrequently they are situated

some distance apart. The passenger stations at the termini of the road,

providing, as they do, the natural termini, are placed necessarily on the

main line, and wherever it is possible are situated near to the centre of

population from which the traffic is derived. The freight station need not

be situated directly on the main line, but may be, and often is, placed on

a branch, some distance beyond or short of the passenger station. To
provide for extension of terminal-station facilities which the increase of
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passenger and freight traffic will necessitate from time to time, ample
space should be set apart, when the station is planned, to permit of its

expansion. In large and rapidly-growing cities, especially in the United

States, such provision is imperative. Of late there has been a tendency to

concentrate the terminal facilities (especially for foreign traffic) in large

cities in one extensive station-building, and, where circumstances of loca-

tion render it convenient to do so, to provide for the exchange and transfer

of freight from one road to another by means of a " belt road " communi-
cating with the tracks of all the roads entering the city.

Terminal Stations.—The proper planning of a terminal station with

reference to the convenience of arriving and departing trains and passen-

gers, and to the connection of tracks, by means of switches (//. 2%^ figs.

I, 3), to permit of the speedy shifting of assembling trains from one track

to another, will exercise a very important influence on the economical and

efficient despatch of the business of the road. While the plan of construc-

tion will' differ materially according to the availability of the location, the

following notes may serve to indicate the general requirements of a large

station.

Arrangement of Terminal Stations.—The approaches and yard, or court,

of passenger stations should be of generous area, to permit of the entrance

and egress of vehicles. The following rooms should be provided (^fig. 4):

a spacious hall about the centre of the building, with ticket-office (middle)

and baggage-room (right), and several waiting-rooms (left), with restaurant

(between the two), ladies' room and toilet-rooms (left), station-master's

bureau and telegraph-offices (in the right division), and apartments for offi-

cials and other employes on duty. Figures 2a and 2b exhibit elevation

and ground-plan of the station at Stuttgart, one of the most complete in

Germany. The terminal stations are completely roofed {fig. 5); and elabo-

rate structures of this kind are to be found in London (pi. 4, fig. 28),

Paris, Berlin, Frankfort (//. 29, fig. i), and in a number of American
cities; these structures are entitled to rank as architectural masterpieces

{figs. 1-3). In Figure 2b {pi. 28) the separation of the arrival-and-

departure tracks by their disposition on the opposite sides of the station-

house is shown as a typical example.

The Victoria Terminal Buildings of the Great Indian Peninsula Rail-

way, at Bombay, the second city in the Indian empire, are believed to con-

stitute the most extensive structure of the kind in the world. The total

length of the front or west fagade is over 1500 feet. The style of architec-

ture adopted is a free treatment of Venetian Gothic with an Oriental feel-

ing. The main feature of the edifice is the large octagonal dome that

crowns the grand central staircase of the administrative offices. It is of

solid cut-stone masonrj', pierced by eight lancet-shaped two-light windows
of stained glass of ornate design. A colossal stone figure of Progress, i6y>

feet in height, surmounts the apex of the dome, and the principal gables

are crowned with groups of sculpture. Under a canopy, below the large

clock of the central gable, is placed a beautiful statue of Her Majesty the
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queen-empress. The interior of the structure has been skilfully arranged

and artistically finished, colored polished marbles and granites being used

in the halls, waiting-, and refreshment-rooms with pleasing effect. The
entire work, to complete which required ten }ears, was executed by native

workmen, under tlie supervision of F. W. Stevens, F. R. I., the architect,

and the cost was twenty-seven lacs of rupees (nearly $19,000,000). The
buildings {pi. 2^ijig- 2) were opened in May, 1888.

The New Central Railway-station at Fraiikfort-on-the-Maiji., which has

recently been opened for traffic, is one of the most imposing structures

of modern times, both in dimension and in detail {Jig. i). It is a fire-

proof edifice of Heilbronn sandstone, and is a beautiful example of the

Renaissance style of architecture. The great width of the building (721^
feet) gives to it the effect of comparative lowness, but the artistic disposi-

tion of the entrances and pavilions and the sculptured adornments impart

an impressive grandeur to the whole design. The central entrance to the

station projects considerably in advance of the rest of the building-line,

and by its distinct membering stands out conspicuously from the whole.

This part of the structure contains the ticket-offices, telegraph-offices, and

baggage and police departments. Corner pavilions and protruding portals

of peculiar construction and the great round-arched windows enliven the

aspect of the wings. The corner pavilion (to the left in the view) contains

the so-called "imperial apartments," for the reception of royal travellers;

on the opposite side are the meeting-hall and reception-rooms of the man-

agers of the different railway lines entering the depot. On the right and

left of the main vestibule, lobbies with arched roofs lead to the waiting- and

dining-rooms, the ladies' rooms, the imperial apartments, the meeting-

halls above mentioned, and the toilet-rooms. The main entrance-hall leads

directly to the middle platform of the train-shed {pi. 5, fig. i), which con-

sists of three naves, for the reception of the six railway lines, and is cov-

ered with an iron roof of three low-arched spans. This train-hall has a

length of 610 feet and a width of 551 feet, and the height of the naves to

the centre of the spans is 93)2 feet. In each wing also is a vestibule lead-

ing to the middle platform of the great train-hall. The exterior of the

wing vestibules resembles in style the architecture of the central entrance,

only their arches are smaller. The building was erected by Engineer

Frantz from the plans of Inspector Eggert, who was in charge. The foun-

dation was begun in 1881, and the superstructure in 1883. The cost of the

building was about eight million five hundred thousand dollars; it is heated"

by steam and lighted by electricity throughout.

The Terminal Passenger Station of the Pennsylvania Railroad 2X Phila-

delphia {pi. 2%fig. 3) is a fine structure of red brick and terra-cotta. While

of less imposing dimensions than the Frankfort station, above noticed, it

is no less picturesque and effective in outline, the style of architecture

approaching Gothic in sentiment. The interior arrangement of the build-

ing is well planned and answers the requirements of its intended use as the

terminus of an elevated railway. The entrances, ticket-, telegraph-, and
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baggage-offices are on the ground-floor; the ladies' retiring-rooms, restau-

rant, and waiting-room are on the second floor, communicating with the

train-haU. The latter is provided with two single- and three double-track

sections, and is covered by an arched iron roof in two spans of graceful

design. To meet the increasing demands of the passenger traffic, a large

addition to the present station is projected.

Intermediate Stations.—For intermediate stations it is usual to throw

a roof, supported on pillars or otherwise, over the platform {pi. 2^, Jig. 6),

for the better protection of passengers. Figures "ja and "jb, show elevation

and ground-plan of a small intermediate station. Figures i^a and i^b

represent a specimen watchman's house in elevation and ground-plan in

use on the Alteneck-Halzminden Railway.

Freight Stations.—The freight station commonly takes the form of a

long building with a platform or footway at the height of the floor of the

cars, with doors on both sides, and a projecting roof for the protection of

wagons. Platforms are arranged along the entire length of the build-

ing for loading and unloading at any point {Jig. 8) For stations where

a large freight business is conducted, the plan of loading and unloading

through the side-doors is found insufficient, and in such cases large covered

areas lighted from above are made use of. The freight tracks, passages for

the entrance and egress of vehicles, and platforms are here all protected,

and the loading and unloading of freight may be effected under cover.

The handling of the freight is done either by hand or by steam or hydraulic

power. A notable example is the freight station of the Pennsylvania Rail-

road at the Philadelphia terminus, where a number of hydraulic elevators

are employed to lift the goods from the ground-floor of the structure to the

level of the elevated roadway; by the same means, goods unloaded from

the cars are lowered to the ground-floor of the building. As the freight

stations must necessarily be used to some extent as depots or storehouses

for goods, as well as for their reception in transit from wagons to rail, and

vice versa., it is important in planning them that ample floor-space should

be provided to serve this purpose. To avoid overcrowding, the manage-
ment of many railway corporations assume, directly or indirectly, the

responsibility of delivering goods to their local destination.

The Express System is universally in use in the United States for the

forwarding of small parcels and packages. This service is performed by
"express companies" controlled by or affiliated with the railway manage-
ment. The express companies call for the goods, transport them by fast

trains, and deliver them to their respective owners at the points of destina-

tion. The business of these companies is of enormous proportions, and
where packages of moderate dimensions and of considerable value are to be

transported by rail, and especialh- where a prompt delivery is desirable,

they are forwarded by express rather than b}- the slower freight service.

Roiind-Jwuses.—At the terminal stations and at intermediate stations

(say ten or twenty miles apart) are roimd-houses, or buildings for the recep-

tion and housing of the reserved engines. The location of these houses is
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chosen with the view of providing as promptly as possible ample motive-

power where it will be most needed. The main-track connection is made
either by turntables (the most common method; pi. 2>^^fig. i), by transfer-

tables (//. z'&^fig. 14), or by switches. The ground-plan of these houses

varies according to the mode of transfer adopted. Where turntables are

used, as is the almost universal practice in the United States, the plan may
be circular, semicircular, horseshoe-shaped, or polygonal {fig. 9«). The
tracks radiate from the turntable placed at the centre {fig. <^b). When the

transfer-table is employed, the building has a rectangular form; the stands

for the engines are placed side by side, and are connected with the main
tracks by means of the shifting-tracks. This form of construction is less

costly than the other, and has certain advantages in respect to operation

where a large number of engines are assembled. In all cases proper pro-

vision is made by means of fireproof ash-pits for drawing the fires of the

engines.

IVatcring-statiiVis for supplying the engines with water are established

along the line of the road at frequent intervals, and invariably in connec-

tion with the engine-houses. The source of supply is a convenient spring

or an adjacent watercourse. On the upper floor are two iron or wooden
cisterns, and on the ground-floor are the heating apparatus and the pump,
communicating with the tanks by tubes, to maintain a circulation of the

water. The pump may be actuated by steam-power or by a windmill.

Figure 10 represents a water-station as commonly arranged. The loco-

motive-tender is filled directly from the reservoir by a hose-pipe con-

nection controlled by a suitable valve and hinged or jointed in such a

manner that it luay be raised out of the way or lowered, as may be neces-

sary, or more elaborate fixtures for the same purpose are provided {figs.

II, 12).

Car-sheds.—For the protection of the rolling-stock from unnecessary

exposure to the weather, car-sheds are provided at all main stations, under

which the passenger-cars are housed when they are not in service.

Repair-shops.—The constant wear and tear to which the rolling-stock

is subjected renders it necessary to provide facilities for the repair and reno-

vation of engines and cars. Upon roads of considerable length and heavy

traffic, a number of these are required. These establishments should be

supplied with a complete plant for working in metals and wood. This will

embrace general machine-shops, examining- or inspection-.shops, depart-

ments for founding, forging, wheelwrighting, etc., brass-founding and cop-

persmithing, woodworking department—embracing cabinet-working and

upholstering and paint-shop—storage for lumber and other material and

for stock of interchangeable parts, offices, etc.

10. Railway-cars.

Early Raikvay-cars.—That the railway-cars (carriages, coupes) maybe
able to travel over the railway with .safety at the high speed required in

railwa\- practice, they should be built with greater solidity than the road-
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vehicles previously described (p. 164), and upon a different model. The
earliest railway-cars resembled the ordinary road-wagon in the fact that the

wheels turned free upon the axles, and to prevent the wheels from leaving

the track they were guided by flanges on the rail {pi. 22^ Jig. 4). With the

introduction of the edge-rail (fig. 5), some fifty years later, cast-iron flanged

wheels came into use, and it is now the universal practice to fasten the

wheels immovably to the axles, so that they may revolve together. In

Europe the general practice is to attach the pedestals of the axle-boxes

directly to the bed of the car (//. 30, fig. 5). In America the custom is

to mount the car-body independently on wheel-trucks {pi. ^'i, fiig- 2). This

variation is explained by the difference in the length and weight of the

cars, the European small and comparatively light vehicles (//. ^o,fig. 16)

being in marked contrast with the long and heavy cars used on American

roads {pi. 2,2^ fig. 5). The number of wheels on which the car is borne

will vary with the size and weight of the car. The earliest railway-cars

were placed upon four wheels {pi. 23, fig. 5), and this remained the gen-

eral practice in Europe, where the small and light compartment-carriages

are still almost universally in vogue {pi. 2,0, fig. 16), down to a compara-

tively recent date, when, with the gradual increase of the length and weight

of the rolling-stock, the six-wheel system on three axles {fig. 14) has come

into general use, as is notably the case on the English railways.

American System ofi Aloiinling on Trucks.—The usual American prac-

tice is to support the car-body on two four-wheeled trucks placed respect-

ively under the front and rear part of the car, the axles of each truck being

placed close together (//. "p.., fig- 5). The principal feature of this form of

support is that the connection between the truck and the car-body is not

rigid (as where the axle-boxes on pedestals are attached directly to the

car-frame), but is flexible, permitting the truck to turn, or swivel, beneath

the car-bed as the car strikes a curve, this freedom of motion to a large

extent relieving the car of jar and shock. This swivelling feature is

obtained by means of a mechanical device similar in principle to that

employed to give the swivelling movement to the front axle of the com-

mon road-vehicle. It is shown on Plate 31 {fig. 2), which represents a

longitudinal view and a transverse section of an American passenger-car

truck. It consists of a strong timber frame to which the wheels are suit-

ably attached; inside of this frame is a so-called "swinging-bolster," rest-

ing on elliptic springs. This bolster carries a centre-casting, which forms

the bushing for the kingbolt, and for what may be called (by reason of its

resemblance to the corresponding device upon the common road-vehicle)

a "fifth wheel." Upon this the end of the car oscillates. On the same
principle, parlor and hotel cars on American railways are constructed with

twelve {pi. '^2^ fig. 5), and even with sixteen, wheels (//. ^P^fiS- ^j)- ^^'i^

best class of passenger-cars on American railways are now placed on two

six-wheeled trucks (//. 32, figs. 4, 5).

Car-ichccls.—At first it was the practice to give the tread of the wheels a

cylindrical form, but it was soon observed that this form permitted too much
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lateral play between the flanges and the rails, and resort was had to the

conical form, now universally in use {pi.
^P., figs. 1-4). This construction

not onl}' corrects the above-named defect, but also lessens to some extent

the resistance in passing curves, inasmuch as by centrifugal force the outer

wheel on the curve mounts the rail and describes a larger circle than the

inner one. The car-wheel and axle, which are made in many different

ways, constitute the most important parts of the structure of the rolling-

stock of a railway. Cast iron is largely used in the construction of the

wheel, which may be either the spoke- or the disk-wheel. A form of the

latter which is much used is seen in Figures i and 2. Figure i is the well-

known Washburn wheel. It is a cast wheel having an arch in its central

part, said arch being joined to the rim by a cur\'ed web. Where the web
joins the rim, the disk is strengthened by a series of curved ribs.

Cliillcd Uliccls.—The most approved system of making cast-iron wheels

is that in which the body of the wheel is allowed to cool slowly, so as to

retain as much of its toughness as possible, while the rim, which is subject

to wear, is made as hard as possible by various methods of rapid cooling

called "chilling." The chilled cast-iron wheel is in common use in the

United States on both passenger- and freight-cars.

Composite Wliccls.—Wheels constructed in part of wrought iron are

well adapted for their intended service. The earliest forms of composite

wheels were those of Stephenson and Losh (1816). In these, the spokes

were made of wrought iron, and the hub and rim were cast upon them. A
wrought-iron tire was then shrunk upon the rim, and secured in place by

a dove-tail channel cast in the rim, or other convenient artifice. A wheel

of this pattern is shown in Figure 3. When the tire is in place, the

periphery of the wheel is turned down to the proper dimensions in the

lathe. Disk-wheels {figs, i, 2, 4) have almost entirely superseded the spoke-

wheels, as they afford a more uniform support to the wearing-surface of the

wheel. The diameter of the wheels in use on American railways varies

from 30 to 33 inches for passenger- and freight-cars, and from 26 to 28

inches for coal-cars. This measurement is the least diameter from tread to

tread. Respecting the wear of the chilled wheel in general use in the

United States, Trautwine gives fifty thousand miles as the average run.

Paper Wheels.—An interesting novelty in construction which has lately

attracted attention is the use, with composite wheels, of wood and paper as

a packing between tires and hubs, to absorb jar (//. 31, y??"- ^5^- ^^^^

so-called "paper car-wheel" is formed of a cast-iron or steel hub and a

tire of rolled steel, in the centre or main body, of which straw-board is

tightly pressed as a packing between two circular plates of rolled iron,

which are very strongly secured by bolts. Paper wheels have come largely

into use on locomotive-trucks and on passenger-, parlor-, and sleeping-cars,

and have made an unusually good record in practice. Some allowance

should be made, however, as Trautwine sa)s in speaking of their wearing

qualities, for the fact that they are used principally under the best class of

passenger-cars on through trains that make few stops; hence they are sub-
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jected to less of the destructive action of the brakes than the common
wheels. The greater number of the latter, furthermore, are running imder

freight-cars, where they are subject to the hardest kind of usage, not only

on account of the frequent stops, but also on account of the inferior charac-

ter of the springs in use with cars of this class.

Slccl Tires.—The material of the tires, where compound wheels are

used, is commonly steel—a material which, notwithstanding its greater

cost, demonstrates its value by much greater durability in service than the

common chilled cast-iron wheels. Compound wheels of cast and wrought

iron with steel tires are coming into general use under first-class passenger-

cars. The modifications in form and construction are numerous.

Car-axles are constructed of wrought iron or steel, with the wheels of

the cars fastened to them by shrinking or pressing, so that theymay better

withstand the strain to which they are exposed by the lateral movements

of tlie car in swinging around curves or by reason of irregularities of the

roadway. The appearance of the car-axle is shown in Figure 3 (/>/. 31).

The severe torsional strain to which the axle, made of a single piece, with the

wheels firmly attached to it, is exposed in turning curves has caused the

invention of many ingenious artifices to obviate the difficulty, but none

have come into general use. The axles run in bearings of metal made of

anti-friction compositions of various kinds. The bearings, in turn, are

contained in so-called "axle-boxes," which contain, likewise, the various

contrivances employed for lubrication. The axle-boxes vary greatly in

details of construction, but should be as simple as possible, and should

afford proper protection against the entrance of dust and grit and against

the loss of lubricants, and should be readily accessible for examination.

Car-springs.—The axles bear the entire weight of the car, and, that the

jar of the wheel shall not be transmitted directly to the car, it is the uni-

versal practice to interpose some elastic or yielding material between the

car and the axle, to receive the shock and moderate its effect. For this

purpose springs of a great variety of form are employed {figs. 7-1 1), cast

steel and rubber being the materials commonly selected. Figure 5 {pi. 30)

exhibits a method of supporting the car-body upon springs in the absence

of trucks, the provision for the vertical play of the spring being very clearly

shown. Figure 6 exhibits another device for securing the frame to the

ends of the springs to insure the requisite flexibility of the combination.

Figure I3« shows a double-spring system employed on German railway

passenger-carriages, on which one set of springs is placed between the

longitudinal supporting frame of the carriage and the axle, and the other

between the frame and the carriage-body. In American practice, in which,

as pre\'iously noted, the car-body rests upon trucks, it is the custom to

interpose two sets of springs between the car and the axle. This is shown

on Plate 31 {fig. 2l>), from which it will be observed that the end of the

car rests upon the swinging bolster, beneath which are elliptical springs,

the entire weight being suspended from a frame which, in turn, rests upon

springs of india-rubber carried on a so-called "equalizing-bar," whose
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ends rest on the axle-boxes. Fignre 7 (//. 30) exhibits certain details of

the running-gear and Figure 12 the under-frame of the car-body of German
railway-carriages.

Car-coiiplitigs.—To connect the cars of a train with one another and with

the engine, a coupling of some form must be employed. The simplest

form of this device, the link and coupling-pin attached to a draw-bar, is in

common use in the United States. In Europe there is employed a more

rigid form of coupling, a view of which is shown in Figure 10. This is

the so-called "screw-coupling," consisting of a right- and left-handed

screw shackle, by which a coupling can be made as rigid as may be desired.

The draw-bar, passing beneath the car-frame, is connected to a spring of

some form, which lessens the jolt of the sudden starting of the train.

When the train stops, each car, by reason of its momentum, tends to push

up against the one in front of it, and in case of sudden stoppage for any

reason the shock of the cars butting against one another would severely

strain the inelastic frame of these vehicles, were it not that each car is

provided with elastic buffers to receive these frequent shocks. Both these

devices—buffing- and drawing-springs—are made sufficiently clear in Fig-

ure 7. Figures 8 and 9 exhibit modifications of the buffer-spring, the first

i^fig. 8) having a special spring of hardened steel and the second {fig. 9)

one of rubber, in which rubber rings alternating with brass disks form

an air-cushion which yields with the slightest pressure. As an additional

precaution against the breaking of a coupling, guard-chains, which ordi-

narily hang slack, are sometimes provided between the cars. These chains

are of somewhat doubtful utility, as the shock that would break the ordi-

nary coupling would be more than likely to snap the chains.

Safety-couplings.—In order to effect the coupling of the cars by the

devices here described, the train-hands must step between the cars—a prac-

tice that is attended with much danger, and that is accountable for more

fatal accidents than any other single cause. To avoid this danger, many
devices have been proposed for coupling cars from the platform and by

appliances working automatically. Some of these are exceedingly ingeni-

ous, and to some extent have been utilized. The want of uniformity in

the construction of cars, especially those for freight service, has thus far

proved a great hindrance to the general adoption of safety-devices of this

kind. On Plate 31 {figs. 4-6) is shown the Janney coupling, adopted by the

Pennsylvania Railroad, and in general use on other American railways.

Brakes.—To stop a train at stations or elsewhere, to diminish its speed

in descending a grade, or to bring it quickly to a stop in case of danger,

some form of brake mechanism is necessary. It is a mistake to suppose

that the ideally perfect brake is one that will bring a moving train to a

standstill instantaneously. Such a mechanisn; would be utterly unavail-

able even were it possible to realize it in practice. It must be borne in

mind that the vis viva of the moving car cannot be o\-ercome without the

expenditure of a corresponding opposing force. If the wheels of the mov-

ing car are arrested suddenly, the entire train will slide upon the rails until
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friction brings it to rest; or if sliding be prevented, the result will be a shock

substantially like that caused by the collision of two trains, with the same
destructive effect upon cars, passengers, and freight. The efficient brake,

therefore, is the one that will stop the train quickly, but not instantly.

Hand-brakes.—The ordinary hand-brake (once universally in use, but

now discarded on nearly all passenger-trains in American railway practice

in favor of the far more efficient power-brake) is commonly placed upon
both ends of the car, and is operated by the guard or brakeman from the

car-platform or the roof. It acts on the principle of applying pressure by

means of a brake-block of wood or iron to the periphery of the wheels.

For this purpose a brake-wheel or lever is placed on the front and rear

platform, by the rotation of which a chain is wound up or a combination

of rods, levers, etc., is actuate^, by means of which the brake-blocks are

forcibly pressed against the wheels. One form of the hand-brake is shown
on Plate 30 {Jig. 11). The operative mechanism is sometimes a screw, but

more commonly a chain the tension of which is maintained by the inter-

vention of a pawl and ratchet. The forms of braking devices are nearly as

numerous as those of car-couplings. The subject may be disposed of, how-

ever, by the statement that the most perfect system yet devised is the con-

tinuous brake applied by the engine-driver from his cab. Several plans

of this order have been proposed, the actuating power being compressed

air, vacuum (atmospheric pressure), and fluid pressure.

Power-brakes.—The continuous-brake system worked by compressed

air, devised and perfected by George Westinghouse, Jr., of Pittsburg, Pa.,

has been by far the most successful, and is now everywhere in use in the

United States on passenger-trains, and is rapidly being introduced on Euro-

pean roads. One of the special merits of the Westinghouse s^'stein is that

it is not only continuous—that is, capable of being operated from a single

point throughout the entire train—but also automatic. Normally, the

pressure of the air in a continuous pipe and reservoirs beneath each car of

the train keeps the brakes off. When it is desired to apply the brakes,

the air-pressure must be reduced, when a valve of peculiar construction is

brought into action and effects the application of the brake. To release

the brakes, the engine-driver must restore the pressure in the brake-pipe.

From this explanation it will be observed that in the event of an accident

b}- which the brake-pipe is broken—as, for example, by the parting of one

or several cars of a train—the escape of the air would reduce the pressure,

and the brakes would be applied at once, automatically. The efficiency of

the air-brake may be duly estimated by considering that, with its use, a

train travelling at the highest attainable speed may be stopped within its

own length. Its general adoption by railway managers has contributed

more to the safety of railway travel than any other single invention.

The application of the Westinghouse continuous-brake system is exhib-

ited on Plates 31 and 32. Figure 16 (//. 31) shows the disposition of the

operating mechanism nj^on the locomotive and the mode of applying the

brake to the periphery of the driving-wheels, and Figures 2 to 5 (/>/. 32)
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sliow the attachment of the brake mechanism beneath the car-body of the

standard rolling-stock of the Pennsylvania Railroad. Mr. Westinghonse

lias recently succeeded in adapting his brake to the requirements of freight

service, and it is not unlikely, from present indications, that a few years

will .see its general introduction upon this important branch of the railway

service. For the mechanical details of construction and operation reference

may be made to the volume on Mechanics.

English ajid Ama-ican Car Systems.—With reference to the internal

arrangements, division of the seats, etc., of railway-cars for passenger ser-

vice, two systems are in vogue—namely, the English, or coupe, system, of

comparatively small and light carriages {pi. 2P^ fis^- 12, 14, 16), in which

the passengers enter and leave the carriage by doors provided at the sides

and occupy small compartments separated from one another by partitions;

and the American, or intercommunicating, system {figs. 13, 15, 17, 18), in

which the passengers enter and leave the car at the front and the rear, and

where the seats are disposed on the right and the left of a passage-way run-

ning the whole length of the car.

EjigUsh Coiupartmciit-carriagc.—The advantages claimed for the Eng-

lish or compartment system, generally in use in Europe {fig. 16), are the

following: Privacy and freedom from disturbance, the exclusive reservation

of compartments for ladies, greater protection against draughts, qiiicker

filling and emptying of trains, greater handiness in making up trains of

smaller carriages, and corresponding saving of labor at main stations. On
the other hand, the system has the disadvantages of greater danger in

entering and in leaving the carriage, discomfort to those occupying the mid-

dle seats, and to the entire coupe in hot weather, isolation of the traveller,

by which communication with the guards or train officials and with the

occupants of adjoining compartments is prevented, danger from the side

doors, which weaken the carriage-body by reason of their presence, and the

greater length of the train.

American Car.—As special advantages the following claims are made
in behalf of the American system: Freedom of entrance and exit, and of

communication at all times with the train officials and passengers, the con-

venience of retiring-rooms, good lighting, ventilation in hot weather,

safety of the passengers from assault with intent to plunder or murder, the

convenience to the train-hands in passing from car to car, and lessened

liability to derailment, by reason of greater weight, and to destruction in

case of derailment, by reason of more substantial construction. It is urged

against the American railway-car that passengers are more subject to be

disturbed, and that more labor is involved in making up trains.

American Car System in Europe.—There has been much controversy

over the relative merits and demerits of these diverse t}pes of vehicle, but,

in spite of the tenacity with which the English especially cling to the

established order, the fact remains that the American railway-car is every

year coming into more general use on European railways. The American

parlor-car {pi. 2,3, fig- i) and sleeping-car {fig. 3) are so greatly superior in
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convenience and comfort to anything in vogne on European railways that

their adoption has of late years become very general. The gradual drift

in the direction of the American plan of arrangement is shown also in the

introduction of mixed or composite carriages, in which the effort has been

to combine the features of both systems—the exclusiveness of the compart-

ment plan with the freedom of entrance and egress and of communication

of the American car. In these composite structures the carriage is divided,

as usual, into several compartments placed in communication by doors in

the middle of the carriage, the entrance and exit doors being at the front

and the rear {pi. 30, _/?^. 'i.2,1').

European ^^ Class'''' Cars.—The railway-carriages on European roads

are divided into three, and occasionally four, classes, differing in respect of

the comfort and convenience they afford the travelling public. The fourth-

class conveyance (which is rarely seen) has no seats of any kind, the pas-

sengers being obliged to stand; it is closed, has windows, and at most two

doors. At night, lamps are provided. Such cars are used to convey

laborers to and from work. The third-class carriages on the Continent, as

a rule, have plain unupholstered seats with wooden backs reaching usually

to the height of the shoulders {Jig. 16). The entrance and exit doors are

at the sides, as in the first- and second-class carriages. In England, until

recently, the third-class carriages were even less comfortable, but of late

thev have been notably improved. The earliest first-class carriages of

English roads were 15 feet long, Gyi feet wide, A^}^ feet high, and weighed

three and one-fourth tons. They were divided into three compartments,

each compartment accommodating six persons, or eighteen in all. Now
they are built 20 or 30 feet long and from 8 to 8}^ feet wide, and weigh

from eight to thirteen, tons. The modern first-class English carriage has

four compartments {Jig. 16), and those of the second and third class usually

five. The tendency in England, especially, has been for some time in the

direction of increasing the length and the weight of the carriages.

German Cars.—On German roads, the carriages of the second class are

comfortably upholstered, provided with floor-coverings, racks for holding

parcels, etc., and are warmed in cold weather, and otherwise made so com-

fortable to the traveller that only a comparatively .small proportion of the pub-

lic travel by first-class conveyance. In England, on the other hand, until

within ten years or so, the second-class carriages were destitute of uphol-

stering and offered about the same conveniences as the German third-class

carriages. Of late years English cars have been notably improved. The
first-class carriage of the German railway differs from the second-class

chiefly in being more roomy and more expensively fitted up and cushioned.

On the French, Belgian, and English roads, as a rule, the first-class car-

riages are the only ones that afford proper conveniences for the comfort of

the better class of the travelling public.

Parlor-cars.—The recent introduction of the American palace- or parlor-

cars (//. 2,2, Jigs. 4, 6; pi. 33, Jij^s. i, 3), the luxurious fittings and easy

riding of which are much superior to those of the compartment carriages,
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has doubtless had much to do with raising the standard of comfortable rail-

way travel in most European countries. The great distances covered by

American railway lines have rendered it desirable to make special provision

for the comfort and convenience of the travelling public, and this fact

explains the origin and development of these luxuriously-appointed con-

veyances, with which all the important lines of railways in the United

States are at present provided, and which make railway travelling in this

country not simply endurable, but enjoyable. The modern American

parlor-cars of Pullman {pi. 2>~y fiS- 4^ Woodruff, Wagner, l\Iann, and other

builders whose names are familiar to the American travelling public, w'ith

their elaborate conveniences for comfortable travelling and for sleeping and

eating en route {pi. Tp, Jigs. 17, 18; pi. 33, figs. 1-4), are so far in advance

of the practice of other countries that no comparison is possible.

As an instructive illustration tx'pical of the best practice attained in the

passenger service of American railways, reference is made to Plate 32 {Jigs.

1-5), which gives an excellent impression of the appearance of a locomo-

tive and the cars of a train of the best class as represented by the service

of the Penns^ivania Railroad. One of the latest improvements is the " ves-

tibule car " {Jig. 6). In this the ends of the cars are coupled in such man-
ner that the passageway from one to another is entirely enclosed, the pro-

jecting portion of the connection being made flexible, to adapt itself to the

swinging of the cars around curves, etc. These vestibuled cars have lately

come into use upon through trains for fast passenger-service.

Car-heating.—For heating the passenger-cars various plans are in

vogue. These comprise the use of stoves, hot-water c\'linders, specially

prepared slow-burning wood-charcoal in sheet-metal cases placed under

the seats, various systems of steam-circulation, etc. Where stoves are

used, as is the custom on American railways, they are either placed at the

ends of the car or suspended beneath the under-frame. The stoves are

jacketted, leaving an annular space between the inner and outer shells.

A pipe capped with a valved cowl communicates with this air-space and

automatically adjusts itself so as to induce a constant current of air. This,

being heated on its passage through the air-space of the stove, is distributed

by pipes or other channels carried along the sides of the car and furnished

with openings at proper intervals. The escape of the heated air may be

provided for by a cowl placed on top of the car, which automatically sets

its flaring mouth in a direction opposite to that in which the car is mo\-ing,

or by adjustable ventilating panels of glass placed along the upper part of

the car beneath a raised central section of the roof, and by other simple

artifices. Heaters constructed substantiallv on the same principle as stoves

and designed to effect the warming of the train by a connected system of

hot-air pipes have been devised, but have not come into general use.

The much greater distances traversed by American railroads, and the

greater severity of the American winters as compared with European
climatic conditions, make the problem of heating the passenger-trains of

much greater importance. The employment of stoves for this ser\nce has



Construction.] EXGIXEERING. 223

the grave objection of danger from fire in the event of an accident by which

the cars may be overturned and the passengers imprisoned. The recent

occurrence of several distressing accidents on American railways, in which

the lives of many passengers have been destroyed by fire communicated to

the woodwork from the car stoves, has caused the enactment of laws by the

legislatures of several States forbidding the use of stoves for car-heating.

The result has been that many plans for employing steam for train-heating

have been tried, with vars'ing success. Thus far, however, no system has

been devised that entirely meets the requirements of practice.

Car-lighti)ig.—For lighting the cars and carriages, lamps burning

heavy oils, mineral or animal, are employed to a considerable extent. On
the better class of roads in Europe and America these have been discarded

in favor of gas. For this purpose common coal-gas is compressed in cylin-

ders carried under the car, each containing a sufficient supply of gas to

serve for lighting the car a number of hours. Recently, on the best class

of American cars, the system of incandescent electric lighting has been

introduced with very satisfactory results, the electric current being fur-

nished from a supply of secondary batteries or accumulators. Present

indications are that the electric system of train-lighting will come ulti-

mately into general use.

Baggagc-cais.—For the transportation of the baggage {Augficc, lug-

gage) the practice on American railways provides the train with a car usu-

ally left open or free inside and furnished with sliding-doors at tlie sides,

after tlie fashion of the freight-car, for the convenient taking-on, stowing,

and delivery of trunks and similar articles. Sometimes only a portion of

a car is set apart for this purpose, the other part being used for passengers,

a suitable partition dividing the car into two compartments. The English
" luggage brake-van," which may stand as the type of the vehicles in use

on the European railways, has side-doors and is free inside for the recep-

tion of the passengers' luggage. It is sometimes provided with a small

enclosure from side to side having doors in the ends, and having, further-

more, projecting sides furnished with windows, through which the guard

may have a view of the entire train. Occasionally a passenger-carriage is

divided, one compartment being for the guard and the other for the lug-

gage of the passengers.

Pos/n/-cars.—For the postal service special cars with elaborate con-

veniences for the expeditious handling, sorting, and delivery of mail-mat-

ter along the route are provided, making them, in fact, travelling post-

offices. Ingenious devices are employed in certain cases for taking on

mail-matter while the train is running at high speed. Figure 23 {pi. 30)

shows a plan of this kind adopted in England and Germany, where the

mail-pouch, suspended from a horizontal arm at the proper height and

distance from the track, is swept off by the passing cord of a pivoted

catch-basket, let down for the purpose; after the contents of the basket

are taken into the postal-car through an opening in the side of the car,

the basket is thrown up against the side of the car, out of the way. Fig-
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ure 3 (//. 32) exhibits an American postal-car in use on the Pennsylvania

Railroad. The mail-bag-catching apparatus is a pivoted bent iron bar

attached to door of the car.

FrcigJit-cars.—The earliest forms of cars for carrying freight were sim-

ple platforms mounted on four wheels with sides raised from 5 to 10 inches.

To meet the requirements of the service, these were followed by the adop-

tion of a pattern in which, as circumstances required, the sides and ends

could be raised by the addition of panels fitted in place and held bj- simple

fastenings; the goods, for protection from wind, rain, and dust, were cov-

ered with oiled canvas (tarpaulins). Later, enclosed wagons or box-cars

(//. 30, yfc^. 21) with sliding-doors at the sides, to permit of running close

up to the station platform to take on and discharge goods, have been

employed, and these are now in almost universal use in all countries for

freight conveyance, except for the transportation of coal, ores, quarry-stone,

and crude products of a character that will not stiffer from exposure. For

the conveyance of cattle, open or crib cars are provided, which in later

constructions are furnished with means for feeding and watering the ani-

mals in transit. For valuable animals padded stalls are provided. For the

transportation of perishable materials, dressed meat, fruit, and the like,

special refrigerator-cars supplied with means for maintaining a low tem-

perature are extensively used on American railways.

Carsfor Crude Freight.—For the conveyance of crude materials (coal,

ores, building-stone, etc.) open cars are employed, which may be either

simple platform- or "gondola-cars," low- or high-sided. The coal-wagons

are occasionally supplied with hinged bottoms or sides, for greater con\-eni-

ence in discharging the load. Open cars of the pattern here referred to, in

use on European railways, are shown in Figures 19, 20, and 22, the last

exhibiting the convenience with which hoisting devices maybe applied for

loading and unloading.

Express-ears.—Xi-^QW. the railways of the United States, where there is

an enormous traffic in the more valuable classes of goods which demand
rapid conveyance by the so-called "express companies" (p. 213), a class

of enclosed cars of the general type of a baggage-car, but of much more sub-

stantial and generally superior construction, is employed (//. 2)2^ fig. 2).

Si/ozc-phitghs.—To clear the tracks of snow, which is often a serious

hindrance to traffic on railroads in America, where climatic conditions are

more severe than throughout the greater part of Europe, snow-ploughs are

used {pi. ^o,fig. 24). These are constructed commonly on the plan of a wedge-

shaped framework of iron, which is pushed in advance of the locomotive,

so as to divide the snow and throw it on each side of the track. To pre-

vent the filling up of cuts, various devices, such as hedges, earth embank-
ments, fences, and occasionally walls of masonry, are resorted to. The
more northerly of the several great transcontinental railways of the United

States are specially exposed to obstruction from snow in those parts of

their routes that cross the great mountain-ranges. To guard against the

interruptions from this source, many miles of snow-sheds (//. T,4,fig. 2)
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have been built along those portions of the track that are most exposed.

These sheds are designed for the purpose of sheltering the track from the

frequent snow-slides and drifts by directing the moving snow over and
bej'ond the track.

ir. Signals.

Signals are used to indicate to the station-officials and others on duty
what is taking place on the road, that they may be able to communicate
to the engine-drivers, by means of the code, such information and instruc-

tions as may be necessary to insure the safety of trains, etc.

Ctasses ofSignals.—The signals employed may be optical or acoustical,

for it is only through the senses of sight and hearing that rapid and
sharply-defined impressions may be received. The signals, of whatever
nature the_\- may be, are transmitted by repetition. Inasmuch, however,
as the acoustic signals are audible for only a limited distance, and as opti-

cal signals, under unfavorable atmospheric conditions, cannot be distin-

guished very far, electricity has come to be used exclusively as the means
of transmitting signals over considerable distances.

Stephenson'' s Signal System.—The first railway opened for traffic, in

1S29, between Manchester and Liverpool, had no other provision for sig-

nalling than that afforded by the steam-whistle of the locomotive. The
first step toward the invention of a signal system was made somewhat later

by Stephenson, who introduced, at the entrance and exit places of the sta-

tions and at curves, posts upon which were mounted disks with the oppo-
site faces of difTereut colors. These disks could be shifted, and at night

were replaced by lanterns of distinct colors.

The '''Semaphore^'' Signal.—The Stephenson system remained in use

until the year 1841, when the English engineer Gregory introduced the

"semaphore " signal, based upon the old system of telegraphing over short

distances. For fi.xed signalling, this system, with numerous modifications

in the mode of operation, is in universal use on railways at the present

day. The semaphore has two arms, for trains coming from either direc-

tion, and the position of the arms, whether vertical or inclined at an obtuse

or acute angle, determines, according to a prearranged code, the character

of the signal to be conveyed to the engine-driver of an approaching train.

At night the semaphores or disks are illuminated b}- suitable lamps, by
means of which lights of different colors (commonly red and green, signi-

fying respectively danger and cautioii) are exhibited.

A recent improvement of the semaphore, which is the best position

signal yet devised, is a modification invented by Koyl, an American engi-

neer, which may be used by night, as well as by day, in the same inanner

(//. 2^, Jigs. I, 2). A reflector of silvered glass is placed along the centre

of the semaphore arm from end to end; but, as it would be impossible to

illuminate a flat reflector with an ordinary lamp sufficientlv for railwav

purposes, the flat semaphore arm is replaced by one curved to a parabolic

form (fg. 2). This is mounted in the ordinary casting which supports
Vol. v.—15
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the arm of the semaphore, and it rotates about the axis on the post, which

is also the axis of the paraboloid, and in the focus of which the lamp is

placed. The upper part of the lamp being red and the lower part clear (or

green; yfo-. i), the arm, when horizontal, is illuminated with the reflected

red light and appears as a red band, and, when the arm is dropped, white

or green as the case may be. The Koyl semaphore promises to be very

useful, as it cannot be confounded with any of the numerous side-lights

along the railway-track at night.

T/ic ''Block System.'"—The plan that has been found to afford the

greatest assurance of safety, and that is now very generally adopted, is the

one in which the normal position of the signal is at danger. When the

telegraph informs the signal-man of the approach of a train, he must move

his signal to the position indicating "track clear" before the train is per-

mitted to pass the station. When the train has passed -the station, the

signal returns automatically to its normal position indicating danger. The

great advantage of this plan of operating the signal is that accidents from

the neglect of the signal-man to attend to the setting of the signal are pre-

vented, since in case of such neglect the signal will remain at danger and

bar the passage of the train.

This system, at first adopted only at junctions and important stations,

has upon all important liiles been extended over the entire road, the signal-

stations being placed in telegraphic communication. This constitutes what

is termed the "block-signal" system (//. 2^, Jig. 15), and its general intro-

duction has proved to be exceedingly serviceable in giving admirable con-

trol of the movejnent of trains and in avoiding accidents. By this system

the entire line of railway is divided into sections of convenient lengths

(say two miles, or even less), each section being commanded by signal-

stations, one at each end, which are placed in telegraphic communication.

The object of this disposition is to insure that only one train at a time shall

be in any one block-section upon the same track.

Operation of the Block-signal System.—In operation, the signal-man

who at station A has allowed a certain train to enter his block in the direc-

tion of station B will not permit a second train on the same track to pass

his station until he shall have received from the signal-man at signal-

station B a message informing him that the first train has arrived at sta-

tion B and has passed into the next block. A second train arriving,

meantime, at station A, is halted by the danger signal until the proper

signal has been received from station B, when it is allowed to proceed. By
this system, an accident through the entrance of several trains into the

same block at a time can arise only from the wilful disobedience of the

signal-man or from his misunderstanding of telegraph-signals from adja-

cent stations. Neglect on his part to attend to the operation of the fixed

signal will have no worse result than to bring an approaching train to a

standstill at the entrance to his block, since the normal position of the

signal is at danger. To guard against disobedience or inattention to sig-

nals on the part of the engine-driver, the Pennsylvania Railroad has intro-
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duced at important points a system whereby, when the track is not clear

between blocks, the switch is so set as to side-track the train. This pre-

caution is taken to avoid the greater evil of a possible collision, and is

assuredly calculated to make the engine-driver exceedingly careful to

observe and obey his signals.

Distant Signals.—In addition to these provisions, so-called "distant

signals " are occasionally employed, whose purpose is to notify trains some
distance away of their approach to dangerous points. These distant signals

are operated mechanically by a wire communication from the nearest

signal-station.

Interlocking Szvitch and Signal.—For additional security at important

stations, junctions, or where a number of distinct lines communicate, it

becomes necessary to provide means whereby the signals and switches can

be connected with each other so that both can be operated in conjunction.

The highest type of such combinations is seen in the so-called " interlock-

ing" switch and signal systems. In these the proper setting of the

switches is accomplished before the operation of the safetj' signal is begun,

and the signal is moved to danger before the movement of the switches can

be commenced. B}' no other systems yet devised would it be possible to

control the movements of the great number of arriving and departing trains

at important railway centres, and their adoption at such points has become
indispensable.

Other Signal Systems.—The systems of Saxb}- and Farmer {pi. 2^, fig.

17), the Union Switch and Signal Company, Hall Signal Company,and others

of lesser note, are wonderfully ingenious, and perfect in their methods of

operation. The movements of arriving and departing trains, which, as at

the Cannon Street Station in London, sometimes follow one another at

intervals of two or three minutes during certain hours of the daj', are con-

trolled by means of suitable levers, by which the operator shifts the

switches and signals. At this station a single operator, with no less than

sixty-seven such levers under his charge, receives and despatches during

the busiest portion of the day at the rate of thirtj'-six trains per hour, each

of which must be separately signalled, requiring one hundred and eight

operations of shifting switches and signals.

Signal-toivers.—At important locations, junctions, and the like, the

signal-station is usually a tower {pi. 2^, fig. 15) raised considerably above

the road-level, that the signal-man may be able to command an unob-

structed view in all directions, and may be isolated from everything calcu-

lated to divert his attention.

Switch-signals.—Among others should be mentioned the switch-signals,

whose object is to inform the engine-driver at some distance of the position

of the switches. These signals are targets of various forms and with vari-

ous distinguishing colors, which exhibit by their position which wa\- the

switch is set {fig. 13). At night colored lights are employed for the

same purpose. A special form of the switch signal used largely in Austria

is the Bender {pi. 2^^ figs. i8rt, b). In this the light of the lantern is
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caused, by the intervention of two cone-shaped mirrors, to be reflected

upon curved disks of metal, which are so disposed in relation to the mir-

rors as to be uniformly illuminated.

Torpedoes.—In the event of an accident or other unusual circumstance

requiring the stoppage of a train, or when it is feared that the optical sig-

nals cannot be distinguished (owing to storms, fogs, etc.), it is customary

to attach to the rail small capsules containing an explosive mixture of

some kind (torpedoes), which are exploded by the blow of the engine-

wheels passing over them.

Signal Code.—There is, in addition to the foregoing, a variety of sig-

nals in use by the engine-drivers, conductors, train-hands, flagmen, and

others, which are important means of conveying intelligence. There is no

uniform code of signals of this order among the railroads of the United

States, but to give the reader a general idea of their character the code in

use on the typical American road (the Pennsylvania) is given as a speci-

men. These signals, though not identicalh- followed by other roads, are

substantially those employed by them—namely:

Red signifies dangei\ and is a signal to stop.

Green signifies caution., and is a signal to run slowly.

White signifies safety., and is a signal to proceed.

Green-and-white is a signal used to stop trains at flag-stations.

Blue is a signal used by car-inspectors.

Flags and Lamps of the proper color must be used, the former by day

and the latter at night or in foggy weather. Red flags or red lanterns must

never be used as caution signals: they always signify danger—"stop." A
lantern swung across the track, a flag, hat, or any object waved violently

by any person on the track, signifies danger, and is a signal to stop. An
exploding cap or torpedo clamped to the top of the rail is an extra danger-

signal, to be used in addition to the regular signals at night, in foggy

weather, and in cases of accident or emergency when other signals cannot

be distinctly seen or relied upon. The explosion of one of these signals is

a warning to stop the train immediately; the explosion of two of them is a

warning to check the speed of the train immediately and look out for the

regular danger-signal.

A Fusee is an extra caution-signal, to be lighted and thrown on the

track at frequent intervals by the flagmen of passenger-trains at night

whenever the train is not making schedule speed between telegraph-

stations. A train finding a fusee burning upon the track must come to a

full stop, and not proceed until it is burned out.

Train-signals.—As it is important to provide means whereby the con-

ductor and other train-hands may communicate with the engine-driver,

and whereby the passengers may signal in case of necessity to the engine-

driver, conductor, or guard, various forms of intercommunicating signals

have been introduced. These are almost exclusively mechanical; electric

devices are rarely employed. On European railways there is usually car-

ried along the outside of the train a cord so placed that it may be reached
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through the window, to summon the guard. In other cases an attachment

is made with the cord on the inside of the compartments. The universal

practice on American railways is to provide through the entire length of

the train a signal- or bell-cord which communicates with a bell in the

locomotive-cab. This cord is suspended overhead within easy reach of the

train-hands and of the passengers. By its use, according to a prearranged

code, the conductor signals for starting or stopping. A recent innovation

introduced on some American roads is a signal operated by compressed air

through a tube passing under the train and connecting each car with the

engine-cab. This is in addition to the usual signal-cord, and is used by
the conductor to signal to the engine-driver.

Conductors' Bell-signals.—To the signal-bell, placed overhead inside

the engine-cab, is attached a cord which passes through to the rear plat-

form of the train. One tap of this bell when the engine is standing is a

notice to start. Two taps when the engine is standing is a notice to call

in the flagman. Two taps when the engine is running is a notice to stop

at once. Three taps when the engine is standing is a notice to back the

train. Three taps when the engine is running is a notice to stop at the

next station.

Conductors' Lamp-signals.—A lamp swung across the track is a signal

to stop. A lamp raised and lowered vertically is a signal to move ahead.

A lamp swung in a circle is a signal to move back.

Whistle-signals.—One short blast of the engine-whistle (thus, -) is a

signal to apply the brakes. Two long blasts ( ) is a signal to throw

off the brakes. Two short blasts (—) when running is an answer to signal

of conductor to stop at next station. Three short blasts ( ) when stand-

ing is a signal that the engine or train will back. Three short blasts (
)

when running is a signal to be given by a passenger-train when carrying

signals for a following train, to call the attention of passing trains to the

signals. Four long blasts ( ) is a signal to call in the flagman

or signal-man. Four short blasts ( ) is the engine-man's call for

signals. Two long followed by two short blasts ( ) when running

is a signal for approaching a road-crossing at grade. Five short blasts

( ) is a signal to the flagman to go back and protect the rear of the

train. A succession of short blasts of the whistle is an alarm for cattle,

and calls attention of trainmen to danger ahead. A blast of the whistle

of five seconds' duration is a signal for approaching stations, railroad-

crossings, and drawbridges.

12. Special Railway Systems.

Inclined-plane Raihvays.—Before the day of the locomotive, inclined

planes operated by cables or bands were used for raising or lowering loaded

wagons upon steep inclines. When the load was to be lowered, it was

sufficient that it should have enough overweight to raise the empty wagons

up the slope by gravity, the speed regulation being eflTected partly by bal-

lasting the ascending train (with water, for example) and partly by a suit-



230 CONSTRUCTIVE ARTS. [Railroad

able brake. In this case the cable or baud was passed over a drinn at

the summit of the incline. When the load was to be lifted up the slope

instead of being lowered, an endlesB cable or band was employed, which

passed over drums located at the top and bottom of the incline. A sta-

tionary steam-engine at the sxtmmit was used to set the upper drum in

rotation. The loaded wagons to be drawn up the slope were attached to

the cable by various devices (hooks, pushers, etc.), and were also provided

with suitable brakes, and occasionall}-, in addition to these, with certain

automatic safety appliances. The greater number of the inclines formerly

operated by stationary engines and cables are now abandoned, the con-

struction of more powerful locomotives having made it possible to dispense

with them. Several inclines in connection with steam-railways operated

by cables and stationary engines are in use in France, Belgium, and Ger-

many. In the United States similar plans on an extensive scale, in con-

nection with city railway-lines, are in use, notably in Cincinnati [pi. 34,

Jig. 4), Pittsburgh, and elsewhere.

Incline icilli Stationaiy Cable.—A modification of this cable system has

been proposed by an Italian engineer (Agudio), and tried successfully on a

section of the Turin-Genoa railway. The stationary engine at the summit

is dispensed with, and the cable, which is stationary, plays a role analogous

to that of the cables in the so-called " Belgian canal-towing" system. In

other words, a motor-car provided with several rotary pulleys draws itself

and the train attached to it up the slope by gripping the cable. Other

modifications of this plan will be mentioned in connection with passenger

railways in cities (tramways).

The ^''Switchback^'' Railivay.—In the anthracite coal-regions of Penn-

sylvania the so-called "switchback" system, used in connection with the

inclined planes just described, was introduced over forty years ago, and is

still largely employed. By this system the coal-cars are lowered from the

summit by gravity, the steep gradient of the mountain-side being avoided

by constructing a series of zigzag lines of comparatively gentle incline,

along which the cars run backward and forward. The plan was first intro-

duced to lower coal-cars into the Nesquehoning Valley, and soon came into

general use in the coal-region of Pennsylvania. It offers a very simple

solution of a troublesome engineering problem. It will be understood that

the cars come to a full stop at the end of every piece of line composing this

zigzag system, so that the danger of their getting be3'ond the control of the

brakes is thereby avoided. This system has been introduced b)' American
engineers with success on the Callao, Lima and Aroya (now Transandine)

Railroad, in Peru, in many respects the most remarkable specimen of rail-

way engineering in the world. Until quite recently it was also employed

on the Cascade division of the Northern Pacific Railroad as a temporary

expedient to cross the " Stampede Pass" while a tunnel (since completed)

9S50 feet in length was being driven through the mountain.

The ''''Big Loop.''''—A notable example of the methods for overcoming

the diiTiculties of a steep ascent by a series of curves is illustrated by the
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so-called "Big Loop" (//. 34, _/?^. i) on the Georgetown branch of the

Union Pacific Railroad, in Colorado, between Georgetown and the mining-
camp of Silver Plnnie. The actual linear distance up the valley in this

case is one and a quarter miles and the vertical distance of the ascent is

600 feet, to overcome which would require, with a straight line, a gradient

of 480 feet to the mile. To obviate this, the line of the railroad was con-

structed in spiral form, with the result that, while it became necessary to

increase the length of the line to four miles, the gradient was thereby

reduced to 150 feet to the mile.

Atmosplicric Railzvays.—Atmospheric railways made their appearance

almost simultaneously with the steaiu-railways. The motive-power in this

system is the pressure of the atmosphere. The idea of moving carriages

by means of atmospheric pressure appears to have originated at the close

of the seventeenth century with Dr. Papin of Blois, in France, who was
also the first to study the properties of high-pressure steam. The earliest

experiments in this field were by IMedhnrst and Pinkus, but the credit of

practically constructing and operating a railway on this principle is due to

Clegg and the brothers Samuda, whose experimental atmospheric railway

was put in operation at Wormwood Scrubbs, in the suburbs of London,
England, in 1838. Later (1844) a short stretch of road on this principle

was built between Kingstown and Dalky, in Ireland {pi. 'id ^
Jigs, i, 2).

This was about two miles long. Following this came the atmospheric

railways from London to Croydon, from Exeter to Plymouth, in England,
and lastly (1847) from Nanterre to St. Germain, in France.

The principle of construction and mode of operation of these railwavs

will be understood from the following: Imagine a tubular chamber, sealed

air-tight, with a piston in one end fitting exactly and capable of motion to

and fro. If a partial vacuum be created in ad\-ance of this piston by pump-
ing out the air, the piston will move forward, because the entire pressure

of the atmosphere is exerted on the back of the piston, to which the pres-

sure in front, having been reduced by the pump, offers but slight resist-

ance. Imagine, also, this piston to be connected with a car running on
rails over the tube by means of an arm projecting through a slot in the

tube {fig. i), the entrance of air through the slot being prevented by
providing the latter with a series of elastic valves. Under such circum-

stances the car will move forward with a force depending on the diameter

of the piston and the amount of vacuum maintained in the tube. To open
the valves covering the slot in the tube, so as to allow of the passage of the

projecting arm, various mechanical artifices may be employed, of which
one is that of a roller suitably connected to the piston and moving in

advance of it. After the arm has passed, the valve is closed behind it by
a similar roller attached to the car, and the tube will thus be kept air-

tight, only that portion of it immediately at the projecting arm being open.

The vacuum is created by means of an air-pump actuated by steam-power.

Since the year 1849, however, roads of this character have been abandoned,

for the reason—apart from their inconvenience—that their operation was
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found to be too costly. The aiiiomit of \acuuui which it is necessary to

maintain in a tube of the kind described will be from seven to ten pounds,

and the unavoidable leakage through the slot is so considerable that the

plan is found to be impracticable.

Pneumatic Railway.—In contrast with the atmospheric is the pneu-

matic railway, in which the car is placed, not outside, but inside, the

closed tunnel-like tube, which completely surrounds it {pi.
2,T, fig. 2). In

this system the car itself forms the piston, and, in consequence of the large

extent of surface which it exposes to the atmosphere, a comparatively

small difference of pressure (one-tenth of an atmosphere) is required to set

it in motion. On account of the trifling pressure needed to actuate the

car, it is not necessary to be so exact with the fitting of the car-body to

the walls of the tube, and small leaks may be disregarded. To maintain

the necessary difference of pressure on both sides, a yielding brush-like

packing is found to answer the purpose satisfactorily. The system may
be operated equally well by vacuum or by pressure. Hence, the car may
be moved to and fro in the tube by the use of an engine at one end of the

line which shall give a blast and exhaust alternately.

Fnciimaiic Despatcli-titbc.—The idea of utilizing a tube and a plenum,

or exhaust, for the conveyance of lighter articles of freight, small packages,

letters, etc., has been universally put in practice. Medhurst had a very

clear conception of the utility of this system, of transportation, but was

half a century in advance of his time. London was the scene of the first

practical trial of pneumatic transit. In 1859 a pneumatic despatch-tube

was laid down to convey parcels and light goods from the Euston Square

Station of the North-western Railway to the district post-office in Evers-

holt street {pi. 30, Jig. 25). It proved entirely successful, and the system

has since been considerably extended in London and other large cities; so

that it has now come into general use not only for the transmission of

mail-parcels to and from district offices, but also in telegraph bureaus and

in large business establishments for the expeditious transfer of packages

and communications from one department to another.

Loudon Pneumatic Passenger Railzcay.—The pneumatic tube for the

transmission of passengers and freight as well as for light parcels has been

introduced in London between Holborn and Euston Square. The tube is

of cast iron, each section being about 9 feet long, 4 feet wide, and 4 feet 6

inches high. The carriage, which runs on rails laid on lougitudinal sleep-

ers, weighs half a ton and can carr^' a load of one and one-half tons.

Knight states that in ordinary working twent}--four trains, a gross weight

of two hundred and forty tons, have been carried over this road in four

hours. The pressure required does not usually exceed one half-pound to

the square inch. The carriages may be sent through either by pressure or

\yy exhaustion. A fan 22 feet in diameter is employed.

Crystal Palace Pnejonatic Raihcav.—A pneumatic system for the con-

veyance of passengers has been put in operation at the Crystal Palace,

Sydenham, London. The following data respecting this railway are given
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by Knight: The line is laid between the Sydenham entrance and the

armory near Penge Gate. The tube is a simple brick tunnel 9 feet high

and 8 feet wide. It is about a third of a mile long, with several sharp

curves, and very little of it is level, one incline being i in 15. The size

of the tube renders it capable of receiving an ordinary railway-carriage.

The piston is provided with a fringe of bristles, which forms between it

and the walls of the tunnel an elastic packing sufl&ciently air-tight for the

purpose required. A fan 20 feet in diameter is employed to exhaust or

force the air. The entire distance, six hundred yards, is traversed in fifty

seconds with an atmospheric pressure of only two and a half ounces.

Beach Piicnmatic Raikcay.—In the United States the use of the pneu-

matic despatch for the conveyance of letters, parcels, etc., is very general.

A section of pneumatic railway intended for freight and passenger service

on the plan devised by E. A. Beach of New York was laid a number of

years ago under Broadway in that city, but continued in use only a short

time. The Beach system embraced special devices for the delivery of let-

ters and parcels at intermediate stations along the line. The interior of

the car is shown on Plate y] {fig. 2).

Moiiiitaiii-railzvays: FelP s System.—In recent years, a number of

mountain-railways, notably for the convenience of tourists, have been con-

structed, and to overcome the very ^teep gradients special modifications of

the motor and of the track have been introduced. In the system devised

by Fell (//. 26, figs. 24, 25) a high central rail is laid between the two

ordinary rails. Upon this central rail, pressed against it by springs, run

the four horizontal driving-wheels of the locomotive. By this artifice the

adhesion of the engine to the rails is increased and it is enabled to over-

come the steep gradients. The amount of pressure thrown on the centre

rail by the driving-wheels is under the control of the engine-driver.

Besides the ordinary brake mechanism applied to the vertical wheels, a

special form of safety-brake operating as a clamping device is employed

together with the centre rail. This system, after a successful experi-

mental trial on the inclined plane of the Cromford and High Peak Rail-

way, was put in operation during the construction of the Mont Cenis tun-

nel, in connection with the temporary railway constructed from St. Michael

over Mont Cenis to Susa. The average gradient of this road, some thirty

miles in length, was i : 25.6, the maximum being i : 12. The radius of

the curves was as low as 130 feet. The gauge of the track was 3 feet 8J/2

inches. The railway occupied 13 feet of a pre-existing roadway, whose
course it followed, the unoccupied portion being left free for the common
road-traffic. The locomotive had two axles spaced 7^ feet apart, and

weiglied, when loaded, twenty-two tons. Railways upon this system have

been constructed in Brazil.

Mount ll'asliingtoii Railzcay.—What is believed to be the first moun-
tain-railway operated by locomotive power is that constructed up the

slope of Mount Washington, in the White Mountains of New Hampshire
{pi. T,i,fig. 3). It was built after the plans of Sylvester Marsh, and was
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designed to afford the great throngs of summer visitors a convenient mode
of ascending to the summit, some 6000 feet above sea-level. In 1866 a

short piece of experimental track was laid up the lower slope of the moun-
tain, and an engine was built to attempt the ascent. It proved successful,

and in 1869 the road was completed to the summit; in the same year it was
opened for traffic, and has continued in service to the present time.

The road-bed of the Mount Washington Railway is mainly a trestle-

work of timber cut from the forest of spruce that covers the lower slopes

of the mountain. The rails are of the ordinary strap pattern, laid on longi-

tudinal timbers, with a gauge of 4 feet. In the middle of the track a third

longitudinal timber is securely fastened and surmounted with a heavy

rack-rail, into which steel pinions engage from the engine and car. The
motive-power is a locomotive engine working through countershafts and

pinions into this central rack. Iron pendants from engine and car with

flanges turning under the longitudinal timbers are provided to guard

against the accident of the lifting of the train from the track by the wind
or other cause; and by a combination of atmospheric brakes and brake-

straps on the pinion-shafts the train can be stopped under all emergencies.

The engine is placed behind the car in ascending and retains this position

in descending. It has an upright boiler and a horizontal cylinder; its

weight is about seven tons. The car is of the ordinary American pattern,

but about one-half the usual size, and the seats are hung on stirrups, so

that they shall retain their horizontal position under all circumstances.

The length of this railway is about three miles, and the time required for

ascending or descending is about one hour. The maximum grade is 1700

feet to the mile, and the average is 1300 feet. to the mile. This railway

was the prototype of the Vitznau Railway, Switzerland, next to be

described.

Rij^i Railway.—The idea of constructing a railway up Mount Rigi was

conceived by the German engineer Riggenbach after an inspection of the

Mount Washington Railway, above described. The Rigi road, which was

built by the engineer just named, in association with Naeff and Tschokke,

and was opened for traffic May 23, 1873, starts from Vitznau, a village on
the banks of the Lac des Quatre-Cantons, and rises iip the mountain-side

to a station at Staffel-Hohe, above the hotel and bath establishment called

Rigi-Kaltbad, well known to tourists. The length of the line is 5760
yards (about three and one-quarter miles), and the height of the upper

terminus above the lower is 3937 feet, making tlie average gradient i in

4J'i (the grades vary from i in ^yi to i in 4). The radius of all the cun-es

is 600 feet. The superstructure is formed of cross-ties spaced, approxi-

mately, 2>i feet apart and resting on stringers, the whole being united in

such a maimer as to form a very substantial structure. On the cross-ties

are fastened a track of the ordinary pattern (of nearly normal gauge) and a

central toothed rail or rack.

The locomotive with tender weighs about twelve tons, and is furnished

with an upright boiler placed at such an angle that it maintains a vertical



Construction.] ENGINEERING. 235

position on the average gradient of the road. In the ordinary locomotive
traction is caused by the adhesion between the driving-wheels and the

rails; in the engine just described the wheels ser\-e merely as carriers. By
a simple arrangement of gearing upon the axle of the locomotive, a cog-

wheel is made to engage with the rack-rail and thus to advance the train.

This peculiarity constitutes the essential novelty of the system. The speed
of ascent is at the rate of three and one-fifth miles per hour.

The train is composed of a single carriage and the locomotive; in front

of the boiler a platform, surrounded by a suitable railing, ser\'es for the

reception of the baggage. The cars are two-storied, seats being provided
on the roof. In ascending the mountain the car is pushed by the locomo-
tive, while in descending it is retarded by the simple artifice of admitting

»air to the c}linders in place of steam and permitting this to escape through
a small but regulable orifice, causing the piston thereby to act the part of an
air-brake. For stopping the train, cog-wheels are adapted to the cars as

well as to the locomotive. This provides greater security, as the car may
be stopped independently of the engine. "

Wcltli System.—In the system devised by Weltli the locomotive is fur-

nished with a roller mounted upon an axle at right angles with the axis

of the road. Around the periphery of this roller a series of ribs are

arranged spirally. These are designed to engage with corresponding parts

of supplementary rails. The locomotive has the usual driving-wheels run-

ning upon smooth track-rails, and the supplementary driver is brought into

service only upon those stretches of the line where the gradient is so steep

as to require greater adhesion.

Primitive Elevated Railzvays.—Post-roads are more or less primitive

constructions designed for special service. In these, posts of wood or metal

are substituted for the regular road-bed. To these posts, which are driven

into the ground with more or less solidity according to the nature of the

traffic the road is intended to carry, and which project a certain distance

above the ground-surface, is secured a heav)' stringer, which serves at the

same time for road-bed and ties, and to this the rails are secured. Such
roads are well adapted for lumbering districts, where they are not required

to be permanently located, since the entire plant may easily be removed
from place to place as circumstances demand.

IVirc-rope Transmission.—In situations where other means of transpor-

tation are not available, on account of local impediments, various forms of

wire-rope transmission are employed with decided advantage for the trans-

fer of materials. The oldest and most primitive of these arrangements

consists of a single wire rope (or two parallel ropes) supported upon a sin-

gle post-line. The carriers (buckets and the like) for the material to be

transported are suspended from this line, and are carried to and fro by

means of a second wire rope attached to them. In the system devised by

Hodgson, which is an improvement upon that just named, the second, or

traction, rope is dispensed with, and the carrying rope is set in motion by

some suitable motive-power, and conveys the suspended loads along with
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it, discharging the contents of the carriers at one terminal and returning

the empty vessels to the other to be reloaded. A number of modifications

of the system of wire-rope transmission have been proposed, and to some

extent adopted. On Plate 35 {fig. 6) is shown a system of this descrip-

tion in operation. It is of special service in transporting crude materials

(coal, ores, etc.) short distances, down mountain-sides or across rivers and

ravines, and to situations difficult of access where other means of transport

would entail much loss of time and more expensive structures. In large

industrial establishments, factories, mills, etc., the use of the travelling

wire rope for transporting materials from one department to another is not

uncommon.
Tclpltcrage System.—A system of wire-rope transmission, known as

"telpherage," in which electricity is the motive-power, has lately been-

devised by the English electrician Fleeming Jenkin {fig. 4). Pro-

fessor Jenkin has proposed this system as a substitute for the overhead

wire-rope system just described, which the fixed portion of the telpher

line generally resemblfes. In the telpherage system, however, the line is

immovable, and the carriages are driven by simple electrical appliances.

Like the travelling wire-rope system, the telpherage system may be

employed with advantage for the conve\-ance of minerals, ores, etc., from

mines or quarries to shipping-stations at moderate distances (from one to

twenty miles), and where canals or railways do not exist it affords a cheajj

method of inland conveyance for raw products and goods when these are

of such a nature that they may be divided into parcels of one, two, or three

hundredweight.

Telpher Line at Glyndc.—The telpher system has been practically

introduced at Glynde, in England, where a line about one mile in length

was put in operation in 1885 to carry clay from the pit to the nearest rail-

way-station. It consists of a series of posts spaced 60 feet apart and fur-

nished with two lines of steel rods supported by cross-heads at the posts.

Each of these lines carries a train, one being the " np-line " and the other

the "down-line." The line is divided into electrical sections, and each

section, having a length of 120 feet, is insulated from its neighbor. The
line wire is supported at the posts b}' cast-iron saddles curved so as to

facilitate the passage of the wheels over the point of support. Each alter-

nate section is insulated from the ground, and all the insulated sections are

in electrical connection with one another, as likewise are all the uninsu-

lated sections.

The train is 120 feet long—the same length as that of a section. It

consists of a series of seven buckets and a motor, which are kept evenly

spaced by the interposition of distance-pieces of ash. Each bucket will

transport a load of two and one-half hundredweight, and the bucket—or

"skip," as it is called—weighs, with its load, three hundredweight. The
weight of the motor is three hundredweight. The skips are suspended
below the line, from one or from two V-shaped wheels, being supported by
arms, which are curved out sideways to clear the supports at the posts.
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The motor on the locomotive also hangs below the line, being snpported

on two broad, flat wheels and driven by two horizontal gripping-wheels.

A wire connects one pole of the motor with the leading wheel of the

train, and a second wire connects the other pole with the trailing wheel;

the other wheels are insulated from one another. Thus the train, wherever

it stands, bridges a gap separating the insulated from the uninsulated sec-

tion. The insulated sections are supplied with an electric current from a

dynamo driven by a stationary engine, and the current, passing from the

insulated to the uninsulated section through the motor, drives the locomo-

tive. From this description it will readily be understood that, given suf-

ficient power, any number of trains can be driven one after another con-

tinuously on such a line. The motors employed on the locomotives of this

line were designed by Ayrton and Perry, and are reputed to develop great

power for their weight, one weighing ninety-six pounds developing one

and one-half horse-power, and another weighing thirty-six pounds giving

nearlv one-half horse-power. The details for blocking to prevent collis-

ions, for the construction of sidings, and for loading and discharging have

all been carefully worked out.

It is claimed for this most ingenious system of electrical transportation

that such lines will find their application in all cases where the traffic is

sufficient to pay interest on a small outlay, but is insufficient to pay inter-

est on the cost of constructing even the cheapest form of railway. As

compared with the travelling wire rope, the telpher line is claimed to be

simpler and cheaper, as pulleys and other operative parts are dispensed

with and no second rope is required; the cost of maintenance is less; the

direction of the line can be changed as often as may be desired so as to

follow a winding course, which is difficult to accomplish, even to a limited

extent, with wire-rope haulage. At present there are two telpher lines in

operation—one an experimental line, at the telpherage company's works

at Werton, England, and the other the Glynde line, above described.

Post-line Railways.—In treating of special forms of railroads it will be

necessar>' to make some reference to the post-line, or elevated, railroads

which have lately come into prominence, more especially in the United

States, as a means of solving the difficult problem of providing rapid

transit in the large cities and between the business-quarters of the cities

and the suburban districts. The earliest suggestions for such elevated

roads were intended to provide means for the more convenient transporta-

tion of commodities of various kinds; later on they were adapted to meet

the requirements of passenger traffic.

Figure i (//. 35) represents one of the earliest of these post-roads, proposed

by Palmer in England in 1S21. It consisted of a beam carrying a single rail

on top and supported upon a line of posts. A vertical wheel runs on this

rail, and from this the load is suspended on each side. The system of

Sargeant, an American inventor (1825), was substantially the same as that

of Palmer. The Bryant and Hyett plan (1831) was based on substantially

the same principle as those above named, but was more elaborately planned
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to serve for passenger as well as goods traffic. Einmon, in the United

States (1837), in addition to the post-line, the single rail, and the vertical

wheel riding upon it and carrying the car pannier-fashion, extended the

latter down on each side of the post, and on the posts introduced side-rails,

on which horizontal wheels were to run to steady the car. Figure 2 is a

section of a single-rail post-line road built by General Le Roy Stone of

New York over the Belmont Ravine on the grounds of the Centennial

Exhibition at Philadelphia in 1876. This road, which was successfully

operated during the exhibition, consisted really of three rails instead of

one, the supporting portion of the post being triangular in section, with a

rail at each point of the triangle. The supporting-rail was at the top, the

lower rails serving as horizontal steadying-wheels for the saddle-bag car.

C. CITY AND SUBURBAN RAILWAYS (TRAMWAYS).

Horse-railways (called tramways in England, and to some extent else-

where) preceded steam-railways in point of time, but since the introdiic-

tion of the latter they are. rarely used for the transport of merchandise,

their employment for this service being confined principally to the case of

industrial works where the question of speed is an unimportant one, and

where, on account of the shortness of the distance to be traversed, it would

not be profitable to employ locomotives. This mode of transportation is

used to some extent, however, for the conveyance of merchandise Ijetween

the freight-depots of the railways and certain distributing centres in cities,

such as market-houses, warehouses, etc., although in the majority of cases

of this kind the loaded freight-cars are simply hauled to and from these

places by animal traction over the ordinary railway-tracks, which are

extended to make the necessary connections.

Tramtcays.—Knight defines tramways as flat boards, balks, or paving-

stones laid down to form a way upon which the wheels of the trams

(wagons) could roll more easily. These primitive devices were succeeded

by rails made of wood (1676), which are described as being supported on

transverse sleepers and shaped so that the four wheels of the wagon fitted

to them. Within the past twenty-five years, street-railways have been

very extensively introduced for passenger travel in cities, and to provide

means of transit between the suburbs and the business centres. Considered

historically, the street-railway is the outgrowth of the tramroad system

which was used in the English collieries two centuries ago (see p. 171).

Passenger Raihvays in cities were first introduced in the United States

about the year 1850. Some ten years later, though only after meeting with

violent opposition, they came into use in England. Since that time they

have come into general use throughout Europe. The roadway is com-

monly placed on a level with the street, following the grade of its surface.

The rails in common use for the street-railway are of the form shown on

Plate 20 {figs- 10-15), ^'^^ ^''S fastened with spikes (more rarely witli bolt.s)

to longitudinal sleepers, which, in turn, are secured to cro.ss-ties, to give

the necessarv transverse stiffness to the line. The form of rail shown in
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Figure 14 {pi. 20) is generally adopted. It has the advantage of allow-

ing the passage of moving wagons on its broad surface—a convenience of

which the drivers of vehicles generally avail themselves; but, on the other

hand, the vehicles are liable to be wrenched severely, and frequently wheels

and axles are broken, when the attempt is incautiousl}' made to turn out

sharply from the track or to cross it at an acute angle. The track formed

of rails of the general pattern of Figure 15 cannot be used by wagons and
carriages, and consequently is not liable to cause accidents of this nature.

Experiments have been made, both in America and in Europe, with a view

of dispensing with the use of the wooden stringers, the rails for this pur-

pose being laid in a specially-prepared bed of gravel or concrete. Such
experiments, however, have not demonstrated any utility.

Street-1-ailway Cars.—The cars in common use on the street-railwavs
are four-wheeled vehicles capable of accommodating from twenty to thirty

passengers. The American pattern, with the seats arranged lengthwise, is

that in general use; more rarely, especially for summer traffic, the seats are

arranged across the car. The car first named affords greater convenience

of ingress and egress to passengers, and, as the doors may be closed in cold

weather, it may conveniently be heated. The wheels of the passenger-

cars {Aiiglit[\ tramcars) are flanged like those in use on the steam-railways,

the form of the flange varying according to the style of rail.

Modified Street-railway System.—A novel variety of the street-railway

which is worthy of mention, and in which the car may leave the track and
return to it at pleasure, is the so-called "perambulator" system devised

by Haworth, and introduced in Salforth, near Manchester (England), and
also in Geneva. Between the two flat rails for the wheels there is placed

a central grooved rail of V-section, supported on stringers like the others.

Connected with the front axle of the car is a small fifth wheel, to act as a

guiding-wheel, which ma)' be lowered into the grooved rail or raised out

of it by means of a treadle controlled from the dri\'er's seat. B)' this device

the car may be united to the track or made independent of it.

Cable Traction fi)r City Railways.—In 1873, Hallidie, an American
inventor, devised a system of cable traction for street-railways which, with

some modifications of detail, has been adopted, with good results, in a

number of American cities. The elements of this system are an endless

wire rope buried in a conduit placed in the centre of the track-rails, which
conduit has a continuous longitudinal slot, which coines flush with the sur-

face of the ground [pi. T,y,figs. 6-9); a series of supporting rollers for the

cable, placed inside the conduit at convenient distances apart (fig. 7); a

stationary winding-engine, located, usually, at one of the termini of the

line, by which the cable is made to travel in the conduit at a predetermined

rate of speed; and a car provided with a suitable lever passing through the

bottom of the car and through the slot in the conduit, and having at its

lower extremity a suitable clutch, or "grip," for taking hold of the travel-

ling cable when the car is to go forward (fig. 6). The rails are of the ordi-

nary flat pattern, laid as usual. The conduit is generally oval in section.
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and is made of cast iron, in sections of irom 12 to 15 feet in length, bolted

together to form a continuous tube. This tube (laid upon a substantial

foundation, sometimes cement) is placed at regular intervals in communi-
cation with the sewers, to insure suitable drainage, and provided with

numerous covered manholes, to permit of inspection.

Cable Roads in American Cities.—The cable-traction system was intro-

duced for the first time in 1873, in San Francisco, California, where the

numerous and steep gradients of certain important thoroughfares inter-

posed serious obstacles to the economical operation of the ordinar)' horse-

railway. It was found fully to answer its intended purpose, and others of

the same t\pe were established in that city with equal success. From this

beginning it has been extended, and at the present time is used in Phila-

delphia, Chicago, Detroit, Kansas City, and elsewhere. The difference in

the topography of San Francisco and Chicago—the one being very hilly,

and consequently furnishing many steep grades to be overcome, and the

other being nearly on a dead level—speaks well for the practicability of the

system under the most diverse conditions, as in both these cities the cable

line works satisfactorily. No difficulty is experienced in operating the

cable road at all seasons. The usual rate of travel is about six miles per

hour, though on suburban roads this is considerably exceeded. The cable-

traction system is more economical in operation than the method of animal

traction which it replaces, and is free from the obvious objections to the

latter on sanitary grounds. It affords one of the most practical solutions

of the street-railway problem that has been devised.

Steam Motors on City Roads.—The experiment has been made at vari-

ous times to substitute steam as a motive-power for surface-roads in cities,

and a number of compactly-built steam-motors have been devised for this

special service. Except for suburban lines, however, the use of steam has

been almost entirely abandoned on surface-roads within the built-up areas

of cities. Aside from the general objection to the use of locomotives in

crowded streets, the plan of using steam-motors is open to the objection

that it renders existing rolling-stock of the surface-roads practically use-

less, and involves too great an outlay of capital for the substitution of a

system whose advantages at best are questionable. On suburban roads

connecting with the street-railway lines steam is very generally used as the

motive-power, locomotives (dummy engines) of small size and power spe-

cially built for this service being employed.

^^Tireless'''' Locomotiir.—Worthy of mention in this connection is the

system introduced in 1S75 on a three-mile section of the New Orleans and

Carrollton Railway (in the suburbs of New Orleans), in which the locomo-

tive is charged with steam of the requisite pressure from a supply-boiler at

one of the termini. The use of a furnace and fuel is by this means dis-

pensed with, the locomotive (which can be considerably reduced in size)

being charged at the starting-point with steam enough to ser\-e for the

round trip. This form of engine was termed the fireless locomotive. The
system has been introduced in France by M. Francq, who made certain
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improvements in the details of locomotive construction, and was pwt in

service in 1879 on a short line of railway between Reuil and Marly-le-Roy

with complete success. The s}-stem appears to have much to recommend

it to the favorable notice of engineers.

Coiiiprc'ssed-air Motors.—Self-propelling cars actuated by compressed

air have been successfully adopted for passenger railways in cities. One
of the most notable examples of this kind is afforded by the Nantes tram-

way, a line of about three and se\-en-eighth miles through Nantes, from

Doulon, an eastern outskirt, to Chantenoy, its western terminus. The
system employed is that of Mekarski. It was introduced in 1879, and so

well answered all the demands of practice that in 1882 one of the metro-

politan tramway companies of London determined to adopt it on the Cale-

donian road, which runs from King's Cross to Holloway.

Electric Raihvays in Cities.—The past few years have witnessed the

introduction of electricity as the motive-power for city and suburban rail-

ways, and the details of these electric systems of transmitting power have

been so far improved that electric railways are rapidly coming into use

upon such lines. For surface-roads in cities and for suburban roads com-

miniicatiug with them the electric system possesses such decided advan-

tages, if not in economy, at least in con^•enience, over all others yet pro-

posed and used, that it appears to be merely a question of a little time when
it shall entirely supersede them. The first electric railway wa« a short

experimental line built by Siemens and Halske on the grounds of the

Electrical Exhibition held in ]\Iunich in 1S80. It is shown on Plate 36

(A^-f- 3-5-)

The First Electric Railway for public service was built by Siemens and

Halske at Berlin, and was opened in May, 1881, between Lichterfelde and

the Cadettenhaus. It is one and six-tenth miles long, with a gauge of 39
inches. In this the current is sent along the insulated rails and actuates an

electric motor carried beneath the car, which transmits its motion to the

wheels, with which it is connected. On this road a speed of eighteen

miles per hour can be attained, although the maximum speed permitted is

nine miles.

Different Systems.—The success of this pioneer railway stimulated the

ingenuity of inventors on both sides of the Atlantic, and the progress made
in the development of this mode of transmission has been most surprising.

At the present time the plans in use may be divided into (i) the overhead

system, in which the current, generated at a central station, is conveyed

to the motor-truck by a contact-trolley communicating with an overhead

conductor carried on a line of posts {pi. 2>l\fiS- ^); (2) the third-rail sys-

tem, in which a supplementary rail conveys the current from the station,

the motor attached to the car-truck taking the current from this and

returning it through the ordinary rails; (3) the underground conduit, in

which an insulated conductor is placed, and from which the current is

caused to actuate the motor on the truck through the intervention of \ari-

ous forms of contact devices passing through a suitable slot provided in the

Vol. v.— 16
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conduit for that purpose; and (4) the storage-battery system, in wliich the

raihvay-car carries its own supply of electric power in the form of second-

ary batteries (accumulators) that have been previously charged. These
are placed in a recess provided for their reception in the sides of the car,

and are placed electrically in connection with the motor-truck.

The storage-battery system would appear to be the ideal system. It

disiDcnses with the necessity of a continuous conductor, the electrical gen-

erator and motive-power are all contained within the car, and there is

apparently an entire absence of any possibility of danger to passengers.

The Julien storage-battery system at the present time appears to be the

representative one of its kind, and has lately been introduced with satisfac-

tory results on the Fourth Avenue surface-road in New York City. The
system, however, is open to the objection that the amount of weight

required to be carried to furnish the necessary power is considerable, and
it does not return so high a percentage of useful effect as could be wished.

These deficiencies, however, bid fair to be remedied in time. The system

of Sprague, employing the overhead conductor, appears to have taken the

lead in popular favor in American cities, as the table opposite will exhibit.

A view of the latest form of electric motor-truck employed in the Sprague

system is shown in Figure 6 (//. 36).

Electric Railways iti Operation.—It may be stated, as a fact of general

interest, that in the matter of applying electricity as the motive-power this

country is far in advance of Europe, where little has been practically

accomplished in this direction. ]\Iany thousands of electric motors are in

regular service in all parts of the United States, and the application of the

electric system to street railways in cities and towns is rapidly extending.

As a matter of historic interest, there is appended a list of the railways in

Europe and America which employ electricity as the propelling power.

This list, so far as reliable data can be obtained, is complete up to January

I, 1889:

Electric Railways in Europe.

Town.

Amsterdam . . .

Berlin

Blackpool . . .

Brighton ....
Brighton ....
Brussels ....
Charlottenberg .

Cologne ....
Frankfort-on-Main

Glynde ....
Hambiu'g . . .

Hohenzollern . .

London ....
Newry
Portrush ....
Ryde (I. W.) . .

Vienna ....
Zankerode . . .

Line.

Cortverloren Park
Lichterfelde-Cadettenhaus . . . .

Blackpool Tramway ,

Brighton Beach
Brighton and Shoreham Railway ,

Tramways
Spandauer Rock
Tramways
Frankfort-Offenbach Railway . .

Glynde Clay Pits

Tramways
Hohenzollern Colliery (Upper Silesia)

I^tratford and Manor Park
Bessbrook and Newry
Portrush and Bushmills
Ryde Pier

Moedling-Hinterbrull
Zankerode Mines (Saxony)

Length.

j/i mile. .

1.6 miles
,

2 "
.

I mile . ,

4 miles

4.1 miles

1 mile .

yi mile

4 miles

Z% "
6

^4' mile ,

2.8 miles ,

^ mile

System.

Siemens.

Siemens.

Holroyd Smith.

Yolk.

Accumulators.

Accumulators (Julien).

Siemens.

Accumulators (Huber).

Siemens.

Telpherage.

Accumulators (Huber).

Siemens.

Accumul.ators.

Hopkinson.
Siemens.

Siemens.

Siemens.

Siemens.
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Electric Railways in the United States and Canada.
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The foregoing includes only the electric railways that are actually in

operation. The major portion of those in the United States has been con-

structed within the past two years. The number of such roads now in

course of construction or projected in various cities and towns in the

United States will greatly exceed those already open for traffic, from which

a fair idea may be had of the rapid growth of the innovation on this side

of the Atlantic.

Gravity-railway.—An ingenious gravity-railway adapted for use in

cities is the system devised by an American inventor (Thompson) and

shown on Plate 36 {fig. 7). In this the locomotive is dispensed with.

The track is undulating, the inclines being so disposed with relation to the

stations that the car, when started from one station, shall be carried by

gravity and at a good rate of speed to the ne.xt station. As the car

approaches the station a gripping mechanism operating automatically

engages with a moving cable (actuated by a fixed engine at the stations),

bv which it is drawn up over the incline, and also, when it is desired to

start from the station, over the incline beyond, when it proceeds on its way
to the next station by gravity, as before. The plan is an ingenious modifica-

tion of the so-called " coasting railways " in common use at seaside resorts

and the like. Figure 8 exhibits one of these coasting-roads erected at

Boulogne-sur-Mer.

Elevated Roads in Cities.—The city of Berlin possesses an elevated

railway about seven and one-half miles in length. The structure is in the

form of an elevated masonry arcade. In Philadelphia the central station

of the Pennsylvania Railroad is situated in the heart of the city, which

the road enters and traverses on an elevated masonry structure, 108 feet

wide and with nine tracks, extending from the Schuylkill River to Broad

street. In New York City the Fourth Avenue improvement of the Harlem
Railroad (//. 37, fig. 4), extending from Forty-second street to One Hun-
dred and Thirty-third street—a distance of four and a half miles—provides

for four tracks, to accommodate express and way traffic. Of the entire

distance, one section of 6937 3 i feet is open cut, one of 4562^2 feet is via-

duct, and the remainder (10,662 feet) is tunnel or covered way. New York
City is provided with the most extensive system of elevated railways in the

world, traversing nearly the entire length of Manhattan Island; and the

neighboring city of Brooklyn has also elevated railways. These structures

are supported upon iron columns, permitting unimpeded traffic on the sur-

face beneath them. Plate 35 {fig. 5) is a view of a portion of the Metro-

politan Elevated Railway, in New York.

The Meigs Elevated Railway.—The system of Meigs (//. 5S,fig. 3),

of which an experimental section is in operation in Boston, Massachusetts,

is a great advance upon the comparatively crude devices described on page

237. It is a single-post line designed for steam-traffic as a rapid-transit

road in that city. The plan has a number of original and meritorious

features. It differs from previous lines of its class in that it is a truck

system, like the ordinary railway, and is capable of turning curves readily
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and of being operated at high speed with as nnich assurance of safety as

upon the ordinary railway. It has four rails instead of one, two, or three, as

in those previously described, and the supporting wheels for the load are the

lowest, thus insuring the greatest stability. The locomotive and cars are

of cylindrical form, with rounded ends, and have other features of novelty.

To demonstrate its practicability as a means of providing rapid transit,

this system has been subjected to the most severe tests by a commission of

engineers appointed by the city authorities of Boston, and has passed them
very successfully.

Elevated and Underground Raihvays Compared.—The question of the

relative merits of the elevated and underground systems as means of pro-

viding for rapid transit in large cities is at present attracting an unusual

share of attention. A careful study of the subject will lead to the conclu-

sion that whenever a city has so greatly extended its area as to require for

its future growth better facilities than those provided by the usual surface-

roads the underground railway affords the rational and ultimate solution

of the problem.

The Elevated Raikvay.—An eminent American engineer, Professor

Haupt, who has made the question of rapid transit in cities the subject of

special study, makes the following comparison: The structure of the ele-

vated railway must be in the air, and at a sufficient height to afford clear-

ance for surface-travel and to provide for the passage of extraordinary

objects; it must be between the heights of the second and third stories of

the buildings alongside its route; its supports must extend into the streets,

which they must obstruct to some extent. The operation of the road will

be noisy—an objection that becomes very serious in summer, when doors

and windows must be left open to secure ventilation. It will obstruct the

light in the buildings and streets below its grade; it will afford no relief to

the present surface-travel, so far as concerns the number of the vehicles

and cars; and the structures could not, without extraordinary cost, be

made attractive in appearance.

The Undcrgj'07ind Raihvay.—The disadvantages of the iinderground

railway are that it will require special provision for light, ventilation, and

drainage, and that, to accommodate the rolling-stock of the road, it will

have to be placed at least 20 feet below the street-surface, thus debarring

its patrons from seeing anything of the city from the train. On the other

hand, it possesses the following distinct advantages, which are believed to

be more than sufficient to counterbalance the disadvantages above enume-

rated: It is less noisy and would make less dirt than the elevated road, and

would interpose no obstruction to light or to traffic. It could be made to

furnish a means of relieving the surface of much of its travel, would facili-

tate the handling of freight, would be more permanent and cost less to main-

tain, and would also confer upon the city the incidental benefits arising from

having better pavements, requiring less expense to clean and maintain,

and avoiding the necessity of continually breaking into them to lay or

remove pipes, wires, and conduits, which has grown to be a serious evil.
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It would give better drainage and provide the subways for all the city ser-

vice along its route, which no elevated road can do. It would have a speed

sixty-six per cent, greater than that of the elevated road, and hence render

about three times as mnch area available for habitation within the same

time-limits. It would have much greater capacity, both because of its

increased velocity and by having four tracks instead of two; and, finally,

it could be made to pay an indirect revenue of great value to the city.

Arcade Underground Railway.—A proposition which has the approval

of the municipal authorities of New York City is the so-called "arcade"

railway under Broadway {pi. 37, Jig. 5). It contemplates the construction

of what would practically be a second Broadway beneath the existing one.

It is proposed to e.xcavate this subway street with sidewalks at a general

level of 12 feet beneath the street-surface, and between these sidewalks to

construct a central roadway about 3 feet lower, to accommodate four rail-

way-tracks, the two in the centre for fast trains, and the other two for

slower trains for local traffic. The upper street is to be supported on col-

umns and girders, with arches between. There are to be ample provisions

for lighting and ventilation, and for the convenient disposition of sewers,

of gas- and other mains. This plan—which, it is believed, will presently

be carried into effect—would greatly lessen the overcrowding from which

Broadway now suffers, and, besides, would afford the means of securing the

rapid transportation of passengers and merchandise.

The experience of New York, where the elevated sj'stem has reached

the limit of its usefulness, would seem to prove that some plan of under-

ground railway must sOon be adopted adequately to meet the necessity for

increased facilities which the surface and elevated roads are not able to

afford. Figure 3 (//. 37) exhibits another scheme of underground railway

which has been proposed for the relief of the passenger traffic of the Amer-
ican metropolis.

Rapid Transit in Cilics.—The question of providing means of rapid

transportation over its entire area is properly regarded as the most import-

ant single question with which each large city has to deal. A period is

reached in the extension of the built-up area of ever}- city when the ordi-

nary surface-roads become inadequate to meet its necessities, and unless

facilities are provided for more rapid transit its growth is checked; and,

conversely, those cities (for example, London and New York) in which the

provision for rapid transit has been promptly made as the necessity therefor

became manifest have rapidly gained in population.
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III. BRIDGES.

Classification.—The term Bridge is applied to certain forms of construc-

tion the object of which is to connect two points separated from each other

by water, a roadway, or a ravine in such a manner that a free or open space

shall be left beneath the new avenue of communication. According to the

kind of traffic for which the structure is destined, road-bridges, railway-

bridges, and viaducts may be distinguished. The open space under the

bridge-structure may serve, according to circumstances, for the passage of

foot- or roadways, or of watercourses, small or great, or of a railway; or, as

in the case of viaducts, its object may be principally the saving of material.

Where the two lines of communication are not at right angles to each

other, the bridge which crosses one of them must be placed obliquely to

the face of its abutments, and is termed an askew bridge; when the inter-

secting ways of communication are at right angles, the bridge is a right

bridge.

Bridges may be either fixed or movable in certain parts of their struc-

ture. The latter constitute the so-called "drawbridges," designed origi-

nally as the means of communication across the moat surrounding the castles

and strongholds of the mediseval period {pi. 40, fig. 4), and later to pro-

vide an open channel for navigation where bridges were built across navi-

gable streams at so low an elevation as to interfere with the free passage

of vessels beneath them. According to the mode of operating these mov-

able parts, several modifications—such as lift, swing, rolling, and pivot

bridges—may be distinguished. In this category, likewise, may be placed

the pontoon-bridges, and flying-bridges or ferries.

Every bridge consists of four essential parts: (i) the roadway; (2) the

supporting structure (girders, trusses, arches, chains, cables, etc.); (3) the

bridge-supports (piers, abutments); and (4) the foundations.

Bridges may be classified according to the material of which they are

built or according to the form of their superstructure. The first classifica-

tion may be divided into wooden, stone, iron (or steel), and combination

bridges, the latter being composite structures of wood and iron. In the

system of construction of the superstructure, bridges may be generally

classified as girder bridges {pi. y^sfig^- i, 2, 3, 6; //. \1, figs, i, 3, 8, 10-

13, 17), in which the stress due to the load is transmitted to the supporting

points as vertical pressure only; framed-girder or truss bridges {pi. Z%figs.

4/J, 5, to which class the arch bridges of iron, pi. 43, fig. 20, as well as

stone belong), in which the stress due to the load is transmitted to the sup-

porting points also as a horizontal thrust; and suspension bridges (//. 41,

figs. 1-3), in which the supporting structure must sustain, in addition to

the vertical pressure due to the load, an inward pull tending to drag the

chains or wire cables from their anchorages; or, to put the case somewhat

differently, in girder bridges the material of the girders, as it yields beneath

the stress due to the load, suffers compression in one part and extension in

another; in arch bridges the material of the arch suffers compression; and
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ill suspension bridges the material of the structure carrying the load (chains,

cables) suffers extension. Combinations of the foregoing systems are not

infrequent.

The superstructure may be formed of a single span, in which case two

points of support only will be needed, and these nia>' consist of the two

banks of the stream, or of masonry {pi. 39, Jig. i), or of piles {fig. 6); or it

may be formed of a number of spans, in which case the intermediate sup-

ports are of wooden {figs. 2, 3, 6) or iron trestle-work, or of stone (//. 43,

figs. 8, 20) or iron piers or columns. The latter are either hollow cast-iron

columns of one or more tubes sunk into the foundation and bound together,

or of wrought- or cast-iron pillars or columns, usually formed each of a

number of columns of small diameter firmly united with one another by

bracing and supported upon low stone piers.

I. Wooden Bridges.

Classification.—Considered in respect of their construction, wooden

bridges may be classified as: (i) Plain girder bridges {pi. 2>% fis^- ^"3)) i^^

which the roadway of planks lies crosswise uiDon a number of girders placed

parallel to one another. (2) Dovetailed and dowelled girder bridges, in

which the girders are formed of a number of pieces placed one above the

other and united by screw-bolts and dovetailed joints, or of cut timbers

separated by dowels of hard wood and firmly united by means of screw-

bolts. (3) Strut bridges {figs. 5, 10), in which the girders are stiffened and

strengthened by struts placed below them and consisting of two stanchions

and a straining-beam stiffened against the bridge supports. (4) Truss-frame

bridges {fig. 4), or, properly, bridges with struts placed above the roadway,

in which the roadway is suspended from the truss-frame by the vertical

suspension-rods. The thrust of the oblique pieces, or braces, is taken by

the girders into which they are mortised, so that the supporting points

receive it as vertical pressure. In its simplest form the truss-frame has no

straining-beam, but consists merely of the two oblique pieces or braces,

united to a king-post at the centre of the girder from which the latter is

suspended. (5) Lattice bridges, which are preferred for spans of considerable

length, are truss bridges which differ materially in the arrangement and

functions of their members. Town's lattice truss {pi. 2)% fis^- ^i 9j P^-

^2., fig. 3) is formed of timbers crossing one another at right angles and

nnited at the point of intersection by wooden tree-nails and having hori-

zontal string-pieces at top and bottom, from which the floor and roof of

the structure may be supported. This form of structure was at one time

popular in the United States, where wooden truss bridges are largely used,

but has been abandoned in favor of improved forms. In the Howe truss

iP^- ?)9i fiSi^- 6, 7; //• 42, fig. i) vertical suspension-rods are introduced,

and the main as well as the counter braces bear against cast-iron angle-

plates and sockets extending through the chord-pieces. By reason of the

considerable depth of these girder constructions, the wooden lattice bridges

are notable for their stiffness. (6) Arch bridges, whose arched main girders



Construction.] ENGINEERING. 249

consist of various modifications of timber structures of arched form, accord-

ing to the width of span. In the United States lattice-work arches are in

vogue, and according as the roadway is carried under or over the arches

they are distinguished as truss arch and strut arch. Combinations of the

arch with the lattice-beam are not infrequent.

The Roadxvay proper in the case of wooden railway-bridges {pi. 39, figs.

6, 7) is formed of cross-ties laid at right angles to the axis of the bridge

and extending from one side-girder to the other. The rails are laid either

directly upon these cross-ties or, as in the illustrations, upon longitudinal

sleepers placed upon the latter. Upon road bridges {figs. 8, 9) it is cus-

tomary to lay a heavy flooring of planks upon the cross-ties, and upon this

to place a lighter flooring—wood-pavement, asphalt, etc.—for the road-

surface. To give the bridge-structure suflScient transverse strength to

enable it to withstand the force of the wind, it is necessary to provide it

with special cross-braces and wind-stanchions.

Piers and Trestles.—Examples of wooden-pile piers and trestles are

shown in Figures i, 2, 6, and 7. The construction of these supports will

vary according to their height and as to whether they stand upon the land

or in the water. Where the height of the structure is moderate, the first

form is employed; where the height is considerable, trestle-work is used,

formed, generally, of four-sided or polygonal p^-ramids supported upon low

stone piers. To protect from damage by ice, wooden guards are often built

around the piers, though a better plan is to construct special ice-breakers

in front of the piers.

Wooden bridges are regarded to-day as temporar}' expedients, to be

replaced sooner or later by structures of stone or of iron. In America, how-

ever, where timber is abundant and cheap, wooden bridges are numerous,

and the art of building them has been developed to a high state of perfec-

tion.

Early Wooden Bridges: Truss Bridges.—Among the earliest examples

of scientific bridge-building as applied to wooden structures was the famous

bridge over the Rhine at Schafifhausen (//. 38,7?^. 4). This was one of

the most celebrated wooden bridges ever built. It was planned and con-

structed in 1757 by a common carpenter, Ulric Grubenmann, and was

burned by the French in 1799. A bridge over the Limmat near the Abbey
of Wettingen, in Switzerland, was built by the brothers Grubenmann, and

was also destroyed by the French in 1799. This bridge had a clear span

of 390 feet—the greatest span ever executed with timber. Among the ear-

liest and best examples of wooden bridges in America was the arch-truss

erected over the Schuylkill at Fairmount, Philadelphia, in 1812 by Louis

Wernwag (//. ^2, fig. 14; //. 44,7?^. i)- This bridge had a clear span of

340%^ feet. In 1838 it was burned, and its place was supplied by a single-

span wire bridge (p. 269). Thomas Burr, who patented several forms of

wooden-arch truss bridge, erected a number of such structures, nearly all

of which exhibited remarkable durability. A peculiarity of many of these

was that they were covered or enclosed, which gave them a somewhat
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sino-ular appearance. A notable structure of this kind was the Columbia

Bridge across the Schuylkill at Philadelphia, built in 1S34 for the use of

the Columbia Railroad, a State work, and subsequently sold to the Read-

ing Railroad Company. This bridge, after having withstood more than

fifty years of continuous service, has been replaced by an iron structure.

JFoodc/t Trestle Bridges: Ccrsar^s Bridge.—Among the famous historic

wooden bridges is the one built by Julius Csesar over the Rhine about 55

B. c, of which he has left a description in his Commetitaries. This account

does not appear to be precise enough to permit of the reconstruction of the

work without some doubt as to minor details. It is known, however, that

it was a trestle bridge founded on piles driven into the bed of the river.

These were joined by a beam on which joists were laid in the axis of the

bridge. On these joists were laid hurdles, which supported the road-bed.

Inclined beams protected the piers on the up-stream side, and each pier

was staved below by a group of piles. A reconstruction from the descrip-

tion left of it is shown in Figure i {pi. 38).

Amcj'icati Trestle Bridges.—There are several remarkable wooden tres-

tle bridges in America. One of these, over the Potomac Creek, in Virginia,

was built in 1862, in nine days, by the Federal soldiers, during the civil

war, under the direction of General Haupt, chief of the Bureau of Con-

struction and Transportation of United States Military Railroads. This

structure, built of round sticks of timber cut from the adjoining woods, is

400 feet long by 80 feet high. It is in four stories, three of trestles and one

of crib-work, and is still in service, carrying a heavy railway traffic. Wor-

thy of notice, historically, is the great wooden trestle bridge known as

the Portage Bridge {fig. 8). It was built to carry the traffic of tlie Erie

Railway over the great gorge of the Genesee River, and was 1600 feet long

and 234 feet high. Constructed in 1852, it was destroyed by fire twenty-

three years later, and was at once replaced by an iron-trestle bridge. (See

p. 264.)

Mexican Primitive Bridge.—Among primitive structures, the bridge

shown in Figure 2 is worthy of notice as exhibiting considerable origi-

nality and ingenuity. It is described by J. Foster Flagg in the Trans-

actions of the American Society of Civil Engineers.^ where it is credited as

the production of a Mexican peon. It was built over the river Armeria,

in the State of Colima. As will be perceived, it is a combination of the

suspension and cantilever principles. This structure was put together

without nails or metal of any kind, the suspension cable being made of

twisted vines and all joints of lighter vines. The piers were made of

poles driven into the river-bed in the form of a square and tied together

with other poles, the interstices being filled in with stones. The stringers

of the main span, in two pieces, were tied together at the centre, and the

spliced stick was supported near the joint by the suspension cable. The
towers were formed of natural forked sticks, which supported both the

cable and the corbels, and which aided in shortening the main and lateral

spans. Finally, the long stringers were again supported midway between
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the ends of the corbels and the central-cable attachment by cantilevers of

crude construction, which were loaded with stone near their shore-ends, to

balance the weight of the central span. The length of this span was about

70 feet, and that of the entire structure about 175 feet. Mr. Flagg reports

that this primitive structure was strong and rigid enough to pass mounted
men and loaded animals.

2. Stoxe Bridges.

Ancient Bridges: Egyptian.—The first stone bridges were doubtless

stone slabs spanning small spaces. In Egypt the annual overflow of the

Nile was a hindrance to bridge-construction, and no relics of ancient

bridges there exist. That the Egyptians were acquainted with the arch,

however, is demonstrated by the finding of an arched ceiling in the sar-

cophagus-chamber of one of the pyramids.

Greek and Roman Bridges.—The Greeks were familiar with the con-

struction of the arch from the age of Perikles, but no arch bridges of that

period have survived to the present time. Of arch bridges built by the

Romans, about twenty remain, which have been in part restored in" later

times. One of the most celebrated of these is the superb structure span-

ning the Tagus at Alcantara. It was built about A. d. 100, in honor of

the emperor Trajan. It is of granite, and consisted originalh- of six arches

of various spans. It had a total length of 670 feet and a height of 210 feet.

It has several times been partially destroyed and restored. At present a

single arch only remains. The bridges of Fabricius (npw Onattro-Capi)

and Cestius Gallus (now Ponte-Ferrato) are old Roman structures with

semicircular arches. The master\- which the Romans had acquired in this

form of construction is shown by the numerous remains of their splendid

aqueducts. The great sewer (Cloaca Maxima) built by one of the Tarquins

five hundred j-ears B. c, and performing its functions to-day in modern
Rome after nearly twenty-five centuries of service, affords an instructive

example of the substantial character of the work of these ancient masons.

Chinese Bridges.—The Chinese have long been familiar with the art

of bridge-building; their bridges, like those among the Persians, are

remarkable for their extreme length. In China there are arch bridges of

great magnitude and of unknown but high antiquity (//. Afi^fig. 5). In

his "Treatise on Bridge Architecture" (181 1), Thomas Pope makes mention

of a stone bridge in China, called the "flying bridge," built from one

mountain to another. This is said to consist of a single semicircular arch

of 600 feet span, 750 feet high.

McdicEval Bridges: Croyland Bridge.—Figure 3 exhibits the unique

triangular bridge at Croyland, England, which stands at the conflu-

ence of three streams. It is formed of three pointed arches, the abut-

ments of which are placed at the angles of an equilateral triangle. These

arches meet in a common centre. This structure has three roadways. The
present bridge—of which an illustration is given—is believed to have been

erected about the beginniug of the fourteenth century; but it has been
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proved from certain documents that a similar triangular bridge existed on

the same site as early as the year 943.

Saiiitcs Bridge.—Figure 4 (/>/. 40) is an ideal representation of a famous

mediseval bridge at Saintes, in France. The picture is intended to give

the characteristics of this structure as it may have appeared toward the

close of the fourteenth century. This restoration is due to M. VioUet-le-

Duc, in whose Dictionnaire raisonue de V ArcJiitcctiire it appears. The great

tower, the crenellated parapets, and the wooden shore-ends between the

first gate and the Roman arch on one side, and the tower and the town

gates, which could readily be removed, on the other side were all provisions

for defence.

The Bridge at St. C/iamas, in France, described by Cres>- in his Ency-

dopcedia of Civil Engineering., is a typical specimen of a bridge built by the

Romans. It affords an example of their disposition to adorn such struc-

tures with triumphal arches. This bridge, which is pictured in Figure 2,

is a small single-arch span of 42 feet.

Old London Bridge.—The first stone bridge over the Thames is be-

lieved to have been built toward the close of the twelfth century. It was

covered with wooden buildings, which were frequently destroyed by fire.

The main portion of the bridge, however, appears to have remained intact

until the beginning of this century. A roadway was left between the

houses. The waterway was 33654^ feet, and two-thirds of the stream was

occupied by the piers. Figure 6 is a view of this historic structure as it

appeared in the year 1700.

Classification.—Stone bridges are arched structures formed of a single

span when the width to be spanned is small (//. 2,<^,Jigs. 12, 13), or of a

number of vaulted arches springing from piers of masonry (//. 40,7?^. 7)

when the width is considerable. The roadway is stipported on the arches.

According to the form of curvattire exhibited by the arch, several varieties

may be distinguished—for example, the semicircular arch {pi. Tig, Jig. 12),

forming a half circle from its springing lines; the low-circular or seg-

mental arch {Jig. 13), in which the centre of curvature lies below the line

of the springings; the stilted arch, in which the centre of curvature lies

above the springing lines; the low, flattened, or elliptical arch (//. 40, Jig.

7; pi. i^i,Jigs. 6, 7); and the pointed or Gothic arch {_fig. 13).

Arch-constniction.—The form of the arch has a certain static relation

to the mauner of distribution of the load it sustains. The feet of the arch

rest upon substantial masonry sitpports or abutments. The space behind

the arch along the flanks is filled in with masonry (//. y^,Jig. 12) or with

earth, or partly with masonry and partly with earth, to give the necessary

stiff'ness to the structure. In arches of large size a series of parallel walls

of masonry, called spandrel-walls, are built astride the arch; these are

sometimes strengthened laterally by vertical cross-wall connections. The
spaces left are then covered with flat stones or small arches carried from

wall to wall, which thus serve as the support for the material of the road-

way. Figure i (//. 40) exhibits a half elevation and a section of the details



Constriction.] ENGIXEERIXG. 253

of arch construction. To prevent injury to the arches by the penetration of

moisture, the entire backs of important structures .should be covered with a
layer of cement-mortar, and the same material should be used liberally in

the masonry above them. Special provision for drainage by means of suit-

able channels left for the purpose is advantageous in protecting the struc-

ture from deterioration caused by rain-soakage. The depth of the arch

stones (voussoirs) either may be left uniform, or the arch stones may be
made to increase in depth uniformly from the centre- or key-stone to the

springers forming the two feet of the arch, the increase corresponding to

the increasing pressure upon the members from the crown to the feet.

This practice is not necessary in arches of small span. With arches made
of hewn stone, particular attention should be given to the shaping of each

member. Where broken stone or bricks are used for the arch, the selection

of a proper cement becomes important; this should be quick-setting and
have good binding qualities.

Centres.—For supporting the arch while it is building, temporary

wooden structures—called " centres"—are used. For arches of moderate

span and weight, a centre of the general form of construction shown on
Plate 39 {Jig. 12) is employed, in which a number of wooden frames or

trusses placed at suitable distances apart are covered with a flooring of

planks laid on edge and trimmed so as to conform to the curvature of

the arch on which the arch-stones are laid. These frames are supported

at their ends upon posts whose tops are united by cap-pieces and whose
feet rest on string-pieces, the entire series being firmly secured together by
diagonal braces. The string-pieces, in turn, according to the nature of the

ground, may rest on wooden blocks, which may be adjusted to conform

to any irregularity of the surface; where the earth is not sufficiently firm

for this, or where the arch is very heavy, they should be supported on

blocks of brickwork, or, as is frequently the case, upon projecting offsets

provided for the purpose in the piers or abutments. If the arch is to be

erected over water, centre supports of crib-work or piling may be neces-

sary. In this form of centre it will be observed that the space beneath the

framework is left free from obstruction, and there will be no interference

to free communication while the work is progressing.

This form of centre, however, is adapted onl\- for arches of moderate

size (50 to 60 feet span). Beyond this it will be found necessary, in order

to secure the requisite support during construction, to use two or three

rows of posts, or to modify the construction as shown in Figure 13, in

which, in addition to the braced posts at the ends, the weight of the arch

is supported upon three intermediate braced posts resting in turn upon

piles. In the case of the Grosvenor Bridge, at Chester, England, across

the river Dee, the centre was supported by four sets of vertical and inclined

posts, each set spreading out like a fan from the top of a temporary pier of

masonry on which it rested. The span of this arch is 200 feet.

Lowering Centres.—When the arch is finished, the centre, having

served its purpose, is removed. In the case of arches of small size, the
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centres are constructed with pairs of wedge-shaped blocks of hard wood,

which are inserted between the cap-piece of the supporting posts and the

chord of the framework. By driving out these tapering blocks the centre

is gradually lowered, and the arch is left to support itself. The centre

may then be taken apart and removed. As there will always be some set-

tling of the arch more or less, according to its size and weight and the

materials of which it is built, the centres are usually made a trifle higher

than the finished arch is intended to be when it shall have taken its per-

manent set. Furthermore, as the sudden removal of the support from a

heavy structure like an arch of considerable size might cause a distortion

of its shape by displacement, and even endanger its stability, it is import-

ant that the centres be lowered very slowly. For arches built of brick this

precaution should on no account be neglected, since this building material

possesses much less strength to resist a crushing stress than granite, sand-

stone, or limestone. On account of the danger to be feared from this cause,

screws may be substituted for the wedges for lowering the centres.

An ingenious artifice for removing centres—which is not only very

simple, but is also in every way satisfactory for the purpose—consists in

the use of sand-boxes. In this plan the posts or standards supporting the

frames rest in short cylindrical boxes filled with sand. When it is desired

to strike the centre, wooden plugs near the bottom of these boxes are with-

drawn, and a small quantity of the sand is allowed to flow out; the plugs

are then replaced, and this operation may be repeated frequently until the

arch stands free. This method is greatly to be preferred for large arches,

since it avoids violent jarring of the structure by the knocking out of

wedges and affords a means of lowering the centre with great steadiness

and regularity. This plan was adopted in the construction of the arch of

the Pont d'Alma, in Paris (1S56), referred to below. Trautwine speaks

of it as being well worthy of adoption for all spans exceeding 60 feet. It

may be of interest to state, also on the same authority, that in tlie case of

railroad-cuttings crossed by bridges " the earth under the arch has been

made to serve as a centre by dressing its surface to the proper curve and

then embedding in it curved timbers a few feet apart and extending them
from abutment to abutment for supporting the close plank lagging."

Scaffoldings.—In addition to the centres just described, in important

works of this kind a temporary scaflRjlding of convenient height is erected

along the face and transverse diameter of the intended structure, on which
cranes or travellers provided with a windlass (//. 39, figs. 10, 11) are

moved to and fro upon overhead rails. These labor-saving de\-ices are

employed for raising and transporting the blocks of masonr>- and other

building materials needed from the ground-surface to the points where

they are required as the work progresses.

Setnicircular Arches.—The largest masonry semicircular arch in the

world is that over Cabin John Creek, on the Washington Aqueduct, built

by General Meigs, U. S. A. This arch has a span of 220 feet and a

rise of 57'/^ feet; the crown of the arch is loi feet above the water. The
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arch-stones have a depth of 4 feet 2 inches at the crown and of 6 feet 2

inches at the springers. The arch of the Grosvenor Bridge, over the Dee,

at Chester, is the largest masonry arch in England. This is also semicir-

cnlar, with a span of 200 feet and a rise of 42 feet. The arch-stones are

\y, feet deep at the crown and 7 feet deep at the springers. The semicir-

cular central arch of the Ballochmyle Viaduct, of the Glasgow South-
western Railway, in Scotland, has a span of 17934 feet. Following in the

order of the width of span comes the viaduct at Nogent-sur-Marne, with
nearly semicircular arches of 164.2 feet span.

Flat Arches.—Among notable flat arches are those of the Maidenhead
Viaduct, with arch-radius of 169. i feet and a rise of 27.7 feet (i : 6.1); the

Ladenburg-Neckar Bridge, with arch-radius of 95.5 feet and a rise of 13.6

feet (i : 7); and the bridge built by Perronet at Pontoise, which, with a

radius of 164.2 feet, has a rise of only 12.5 feet (i : 13.5).

Elliptical Arches.—The earliest bridge with flat elliptical arch is the

handsome Santa Trinita at Florence, built in 1566 {pi. A,o^Jig. 7). Other

notable structures are, the London Bridge, elliptical arch, 152 feet; the

bridge over the Aar at Berne, 150.5 feet; the Gloucester Bridge, over the

Severn, 150 feet; the Kleinwolmsdorff", on the Saxon-Silesian Railroad,

149.7 f'^^^i the Dora Riparia, at Turin, 148 feet; the Pont d'Alma, at Paris,

141. 4 feet. The last-named is an elliptical arch built of rubble laid in

cement. The earliest siDccimen of the basket-handle arch (a three-centred

low-crowned arch) is the bridge of Chatellerault, built in 1609.

Pointed Arches.—The Gothic style of architecture, which arose about

the ninth century and soon spread over Europe, gave rise to the use of the

pointed arch in bridge-construction. Of bridges with pointed arches, the

greater number was built prior to the close of the eleventh centur)\ In

the Middle Ages the building and maintenance of bridges were considered

acts of piety, and in the twelfth and thirteenth centuries a religious fra-

ternity styling itself the " Brothers of the Bridge '* was consecrated to these

ol)jects. The bridges of Avignon, St. Esprit, and La Guillotiere at Lyons,

among others, were built by them.

Askccc Arches.—Oblique or askew arches, whose faces are oblique to

their axes, present considerable difficulties in construction, especially when
the material employed for the purpose is hewn stone, because of the com-

plicated shapes of stone required. They demand, therefore, special treat-

ment. One form of askew arch is shown on Plate 41 (_/?f . 9).

Aqueducts and I'iaducts.—The greatest elevation above the surface-

level is exhibited in the ancient aqueduct of Spoleto {fig. 13), built twelve

hundred years ago and still in an excellent state of preservation. The
centre-pieces of this vast structure, which rest in the bed of a mountain-

stream, have a height of 656.6 feet. Among the masterpieces of construc-

tion may be mentioned, likewise, the Roquefavour Aqueduct {fig. 12),

near Aix, 1290.3 feet long and 265.9 feet high. The Goeltzschthal and

Elsterthal viaducts, on the line of the Saxon-Bavarian State Railroad, are

notable examples of recent construction.
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T/ie Goeltsschthal Viaduct {pi. 41, Jig. 10), completed in 1851, is built in

its main portion of four tiers of masonry arches, the central portion being

formed of two large superposed arches. The total length of the viaduct is

1900.5 feet; elevation above water-surface, 263.6 feet; span of the lower

central arch, 94.25 feet; height, 136.2 feet; span of upper centre arch, 101.74

feet; height from the deck-plane of the lower one, 104.5 ^'^^t. The smaller

arches are built open, and the disposition of the material employed is such

that the structure combines strength with lightness.

The Ehterthal Viaduct {fig. 11) is a two-story masonry structure. The

lower story is formed of two double piers pierced with small arches, two

large arches, and two retaining-walls. The length of the lower tier is

550.5 feet, and its height 110.32 feet. The central arches have a span of

95.16 feet. The upper tier has two double piers and si.x large cylindrical

arches, each of 91.5 feet span. The total length of the upper tier is 918

feet and its height is 113.8 feet, making the total height of the structure

above the water-surface 224.15 feet. The viaduct of Chaumont has a

height of 164.16 feet and a length of 1986.6 feet.

In France and England the custom has been followed largely of era-

ploying for important works of this nature unbroken or continuous piers

and of more or less slender proportions, copying after the pattern of the

Spoleto Viaduct, above referred to. In Germany the preference has been

given generally to the plan of building important structures in tiers or

stories, one tier of arches being carried above another, after the pattern of

the Roman aqueducts; witness the examples above noted. The lowest

tier of arches is occasionally carried through only a portion of the wall,

and not through its entire width {fig. 11, cross-section). The plan of

building in tiers has been modified in the case of the Pont du Jour, over

the Seine, in Paris {figs. 6-8). ' Here a double-track railway viaduct is

carried on the back of a broader road-bridge, passenger travel being accom-

modated on a lower roadway carried through apertures pierced in the

piers of the upper story of arches. The Calvine Viaduct {fig. 14), in

Perthshire, Scotland, exhibits a form of construction in which a railway

bridge crosses a highway bridge, running obliquely to its axis and at a

lower level. In England, on account of the excellent quality of the cement

available for building purposes, the practice of leaving large vacant spaces

inside the masonry of the piers is extensively followed. On the Continent,

on the other hand, the general disposition has been to give such members

a compact construction.

With the founding of the corps of engineers in France, in 1720, bridge-

construction received a fresh impulse. Perronet was the great master of

the art in the eighteenth century. At present large bridges of stone are

rarely built, on account of their excessive cost as compared with that of

another'type of structure, the iron bridge, which has been perfected to a

remarkable degree within recent years, and which will be considered in

the foUowins: section.
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3. Iron Bridges.

Casi-iron Bridges.—The earliest iron bridges were built of cast iron,

which in time gave place to wrought iron—a tougher material, and one

less liable to be affected injuriously by concussion. In recent years but few

large bridges have been constructed of cast iron. Among these may be

named the arch bridge of Saint Louis at Paris (built in 1860-1862), with

span of 210.25 feet, the Trent Bridge at Nottingham, with span of 100 feet,

and certain others. In America, where iron-bridge building has reached

its highest development, it is the practice to some extent to employ cast

iron for such members as will be subjected to compression in the finished

structure, and wrought iron for such as will be subjected to tension. The
largest span (239.5 feet) among cast-iron bridges is exhibited by the South-

wark arch bridge over the Thames at London.

Tlie First Cast-iron Arch Bridge was built in 1 773-1 777 by Abraham
Darby over the Severn at Coalbrookdale. This bridge spans the river by

a single arch of 100 feet. Later (1796) there was built over the river Wear,

near Sunderland, England, the Wearmouth Bridge, with an arch of open

cast-iron panels, having a span of 236 feet. The most noteworthy struc-

ture of this class, however, is the cast-iron bridge built about the begin-

ning of this centur\- by the engineer Telford over the Spey at Craigellachie

{pi. ^"i^fig. i). In its form and in the distribution of material, this bridge

may be regarded as the best example of the use of cast iron in bridge con-

struction. The success of these bridges gave a decided impetus to the art

of building bridges of cast iron in England, and a number of such struc-

tures—notably two at Bristol over the New Cut, one over the river Parrot

at Bridgewater, and one across the Thames at Staines—were erected

during the early years of the present century. In some of these, as in the

Wearmouth Bridge, above named, wTought iron was used in conjunction

with cast iron.

IVrought-iron Bridges may have the form of either girder, arch, or sus-

pension bridges. Wrought-iron girder bridges exhibit great differences in

construction.

Plate-iron Girders.—Where the space to be spanned is small, a simple

expedient consists in riveting together two rails base to base, forming a

"double-rail girder" {pi. M, figs, i, 2) whose ends are received in suitable

cast-iron chairs, to which they are firmly clamped. Rolled beams of

I-section are also very serviceable for such simple constructions, in which

case the rails either lie directly upon the beams or rest upon interposed

wooden cross-ties. W^ith spans up to about 50 feet plate-iron girders may

be used with advantage, the metal having a thickness of from ^ to ^ of

an inch and being formed into girders of I-section by riveting {figs. 3, 4,

23). The rivet-bolts are inserted in the rivet-holes and clinched while

white-hot. Figure 24 exhibits the appearance of the common form of

rivet-bolt employed for this purpose. It consists of a head and shank in

one piece. In this form, being heated white-hot in a forge-fire, it is

inserted in its hole and clinched by forming a second conical head upon it

Vol. v.—17
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through hand-haimnering while it is cooling. The advantage gained by

heating the rivets is not only greater ease of forming the clinching-head

and the lessened liability of shattering the metal of the rivet and plate, but

also a firmer union of the plates, since the contraction of the rivet on cool-

ing draws the joined parts together more firmly than could any mechanical

process. Rivet-holes in plates are drilled, not punched, as drilling avoids

injury to the surrounding iron and makes a smoother hole. Figures 5 to 7

(//. 43) are details of a plate-girder bridge, which exhibits the manner in

which flat plates placed perpendicularly with respect to one another may be

united by the use of angle-irons.

Tubular Bridges, so called, belong in this category {Jigs. 8, 9). These

have high side-walls composed of a large number of iron plates riveted

together and united transversely at top and bottom by a cellular structure

of the same order {Jig. 9). The first bridge of this type is believed to have

been built at the Bolton Station of the Baltimore and Susquehanna Rail-

road by James Mulholland. This was a small structure of 55 feet span,

and is noted here simply as an interesting item of history. In England

and Canada there have been built upon this system truly colossal bridges

which for years ranked as the greatest of their class.

T/ie Britannia Tubular Bridge {Jigs. 8, 9), built over the Menai Strait

at Bangor to carry the Chester and Holyhead Railway, was constructed by

Stephenson and Fairbairn ( 1846-1S50), and opened to railway traffic in 1850.

It is composed of two continuous wrought-iron beams 151 1 feet long and

weighing four thousand six hundred and eighty tons each. The tubes are

supported on three masonry piers and two abutments, there being thus four

spans. Of these, the two channel spans are 460 feet each, and the two

stone spans 230 feet each. The tubes are firmly fixed upon the centre

tower, but are supported on roller-beds on the lateral piers and abutments,

leaving the structure free to expand and contract.

The Conway Tubular Bridge, built over the IMenai Strait by Stephenson

and opened in 1848, has a span of 400 feet. The Victoria Bridge, built also

by Stephenson (1859), over the St. Lawrence River at Montreal, has one span

of 330 feet and twenty-four of 239 feet each.

Disadvantages 0/ Tubular Bridges.—Tubular bridges have several dis-

advantages. They are exceedingly heavy and expensive, and on account

of their peculiar structure are specially sensitive to changes of temperature

and extremelj' liable to deterioration by rusting. For these reasons, as well

as because of the better knowledge among engineers of the theory of strains

on the members of bridge structures, and greater experience and skill in

producing structural forms of iron adapted for the purpose, the tubular or

solid-wall girder for wide spans has given place to the lattice- or open-

work framed structures, which with equal strength are relatively much
lighter, and therefore more economical. These girders (as in the case of

the wooden-lattice girder) are compound beams formed of two parallel or

curved upper and lower members, called "chords," connected by certain

members vertical and oblique, called "web-members," which stiflTen the
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chords and transform the various strains due to the weight of the eirdero
Itself and of its load into longitudinal strains, which by the character of the
structure are conveyed up and down along the members of the girder to

the piers and abutments.'

Framed Girder or Truss.—There are many varieties in the form and
construction of bridge trusses, for each of which certain advantages are

claimed. The framed girder or tru.ss (//. 42, figs. 1-5) consists generally of
two parallel chords (an upper and a lower one) diminishing in cross-section

toward the ends of the bridge. In one modification of this, the so-called

"suspension-truss," devised by Bollman in the United States, there is

employed a system of inclined suspension-rods uniting the feet of the posts

directly with the ends of the upper chord, and therefore rendering the

lower chord unnecessary. The bridge roadway with this form of truss is

carried on top of the single chord, the posts and oblique ties being in this

case beneath the roadway. Numerous bridges of this type exist in the

United States, especially along the line of the Baltimore and Ohio Rail-

road. The Fink truss {pi. ^s,fig. i), also of American design, is a sus-

pension truss of somewhat different construction, and in its original form or

with certain modifications is extensively in use in the United States for rail-

way bridges. Figures i to 5 1 pi. 42) exhibit various forms of bridge trusses.

Lenticular and Bozcstriug Girders.—The framed girder above described

may be modified by giving both chords or one of them a curved form. In

the first case there results the so-called " lenticular girder" {pi. 44, fig. 4);

in the last, the bowstring girder. The first specimen of the lenticular-

girder bridge of which there is record was that built at Saltash, in Eng-
land, by Brunei, in 1859; the two larger spans of this bridge are each 455
feet. Figure 17 [pi. 43) exhibits a form of the lenticular girder devised by
Panli and employed by Gerber in the construction of the iron bridge over

the Rhine at IMayence (345 feet span). In the Schwedler system {figs.

13-15), a bowstring girder, the designer aims to economize material in the

frame. In this construction the vertical web-members are in compression

and the diagonals in tension.

IVIembers subjected to tension are commonly made of flat bars; for those

subjected to compression the stiffer angle-irons (_L) or the channel form Q),

are preferred {figs. 26, 27), or they are made of several pieces joined

together by riveting to form a column of great stiffness {fig. 25).

' The following definitions from Trautwine will be found serviceable in assisting to a correct under-

standing of the terms employed to describe the construction of trussed structures and the functions of

their members : " Most of the bridge trusses in common use have two long straight parallel upper and

lower memljers, called the chords (or, in England, booms). Vertical pieces placed between and connect-

ing the upper and lower chords are called pos/s when they sustain compression, and vertical ties or

suspension-rods, etc., when they sustain tension or pull. The oblique pieces .... are called braces,

strut-braces, main braces, etc., when resisting pressure or thrust, or tie-braces, tension-braces, main oblique

ties, oblique suspension-rods, etc., when resisting pulls. Sometimes the same piece is adapted to bear both

tension and compression alternately, and may then be called a tie-strut or a strut-tie. The oblique mem-
bers .... are sometimes called main braces, whether they are struts or ties, to distinguish them from

counter-braces or counters which cross the main braces diagonally."

—

Ed.
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Lattice Girder.—In the earlier specimens of iron bridges the close lat-

tice girder made of flat bars was much affected, but, as it lacked sufficient

stiffness, numerous verticals were specially introduced (//. 43, fig. 12).

Present practice departs widely from this: each separate piece entering into

the construction of an iron bridge serves a specific purpose and is especially

adapted to resist the strains that will come upon it from the load on the

structure. Some important differences exist in the practice of European and

American engineers. The chief of these lies in the manner of uniting the

chords to the web-members. European engineers prefer to make this attach-

ment by riveting; in America, on the other hand, it is the universal practice to

use cylindrical pins of iron or steel for this purpose. In American practice

the lower chord is usually formed of flat bars placed edgewise and united

by pins (//. 42,y?^. 13). The web-members subject to tension are made
of iron bars (flat, square, or round) with eyes at the ends for the insertion

of the pin-connections {^fig. 8). The compression-members, which at first

were made of cast iron, are now made exclusively of wrought iron or steel.

They are hollow columns built up of flat pieces or curved segments of vari-

ous forms riveted together. Many of the leading bridge-constructors ha\-e

special forms of columns which they prefer to employ. Some of these are

shown on Plate 42 {.fig^- 6, 7).

The first plate-girder, or tubular, bridge was erected in England in 1846

by Stephenson on the line of the North-western Railway. The lattice-girder

and open-truss bridges constitute a later development of the art.

The Roadway of iron bridges is formed of a series of cross-beams on

which are placed longitudinal pieces, and on these, in turn, rest an upper

series of cross-ties or beams to receive the railway-track or the road-surface.

To stiffen the bridge-structure laterally, so that it may sustain stresses due
to violent storms of wind, some system of bracing is adopted, of which
illustrations are shown on Plate 43 {figs. 18-21). If the roadway is placed

on the top chord, the structure is termed a top-road (deck) bridge (//. 45,

figs. I, 2); if on the bottom chord, it is called a bottom-road (through)

bridge [pi. \z,fig. 10).

Expansion and Contraction of Iron Bridges.—Inasmuch as, in conse-

quence of changes of temperature, the length of the bridge frame must
vary, provision must be made to permit of some motion of the structure in

the direction of the bridge axis. For this purpose it is customary to secure

the bridge girder upon its pier or abutment at one end only, leaving the

other end to rest upon a so-called "roller-bearing," upon which it may move
to and fro to accommodate itself to the changes of temperature. The
weight of the free end of the girder in this case is borne on hardened steel

rollers, which afford the least possible resistance to its movements. For
transmitting the distribution of the pressure equally to all the rollers, the
" rocking-bearing " shown in Figure 16 {pi. 43) has proved a ven,- service-

able device. In this, the end of the girder rests upon the rollers through
the intervention of a curved bearing-plate.

Construction of Girder Bridges.—The usual practice is to construct
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iron bridges with each span independent, although continuous-girder
bridges are not uncommon. The continuous-girder bridge affords some
saving of material and can be erected without the use of staging; it is put
together on the laud and bodfly pushed out into position on its piers, as

was done in the cases of the Stadtlau Bridge over the Danube Canal at

\Menna, and the Servian Railway Viaduct at Freiburg. The success of
this plan, however, will depend largely upon the unalterability of the
height of the piers. Should a slight sinking take place in one of the.se, it

might seriousl)- affect the stability of the bridge unless special provisions

were made for compensating for the irregularity.

T/ic American System claims several decided advantages—namely, it

permits of the preliminary assemblage of the parts in the shop, where any
defect may be obser^-ed and corrected; by the use of machines of improved
construction, the lengths of the various members, the drilling of the holes

for the pins, and the dimensions of the pins are controlled with the great-

est possible accuracy, so that the erection of the structure ma}- be accom-
plished rapidly and without demanding specially-skilled labor; the proba-

bility that the strength of the completed bridge will vary from that calcu-

lated for it must necessarily be much less than where, as in the European
plan of erection first at the place of construction, there is no opportunity

of determining, by preliminary trial at the shops, the existence of errors in

calculation or of hidden defects; and finally, with the same strength, the

American system of construction allows of a much lighter structure, repre-

senting economy of material and cost. The several advantages possessed

by the American system of iron-bridge construction, as compared with
that followed in Europe, have of late been freely recognized by the most
eminent European authorities.'

' The subject is of so much interest that the editor may lie pardoned for introducing at this point an

extremely lucid and forceful exj-iosition of the conditions which have created the diversity in practice here

dwelt upon, and of the salient features and merits of American practice, from a paper of Thomas C.

Clarke, an eminent civil engineer and bridge-builder, piresented at the meeting of the American Institute

of Mining Engineers held in Philadelphia during the Centennial year. The following extracts from this

masterly review of the subject will amply cover the ground :

" Some philosopher has said that results come from internal impulses modified by external conditions.

Applying this to European bridges, we find that the internal impulse k, first, to make a.s strong and as

safe and as durable a structure as possible, and that the question of cost holds a secondary place. The
external conditions are plenty of time and rivers of comparatively uniform regimen, so that there is but

little danger of scaffolding being washed out by floods during erection. Hence w'e find, consecutively,

stone arches, cast-iron arches, plate girders, and, finally, lattice girders of plates and angles riveted

together, copying the proportions already established for plate girders.

" In this country, on the other hand, the internal impulse is to build the bridge—and, in fact, ever\--

thing else—in as short a time as jiossible and for the least possible sum. Hence our railway brid<^es

were originally made of the most abundant and cheapest material—wood—and so designed as to be put

together with the utmost rapidity, inasmuch as our rivers are subject to sudden and heavy freshets and it

never is safe to trust the bridge long supported by staging which may be washed out in a night. Hence,

when we began to build our iron bridges, we copied the proportions already established as most economical

in wooden trusses, and, instead of riveting the several parts together on the scaffolds, we adopted the use

of tenons and sliding joints for the compressive members, and of pins and eye-bars for those in tension,

which enables us to erect our bridges, without fitting, very rapidly.

" Having begun in this path, we have seen no reason to depart from it. We find that great economy
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Notable Girder Bridges.—Among the notable wrought-iron girder

bridges of the world the following maybe named: The Ohio River Bridge

of material—which simply means little dead weight—is got \tj concentrating the iron along the lines of

strain by making long panels—which means few parts—and by proportioning our girders of a depth of

never less, and often more, than one-eighth of their span. The form of truss now almost universally

adopted, and which, by a process of natural selection, has almost driven out of use the Bullman, p'ink,

and triangular girders, is the quadrangular girder with vertical posts, and main tie-bars inclined at an

ani'le as nearly forty-five degrees as possible. This has the merit of sul)jecling the iron to strains in one

direction only, either tension or compression; and if we agree with Herr Wohler that iron strained both

ways is as highly strained as if the tension and compression were added together, this is a point of no

small importance. We prefer to hang our cross-floor beams from the pin, because then the load is trans-

ferred directly by the diagonal tie-bars without any bending moment.

" Our peculiar web system allows us to give great height to our trusses^sufficient to enable us to put

in vertical transverse bracing high enough to clear the smoke-stacks of the locomotives, which, we think,

adds much to the lateral stiffness of our bridges.

" Tile usual practice of American engineers is to jirovide, in addition to tlie weight of the structure

itself, for a general rolling load of 4000 pounds per foot for s|)ans of 50 feet and below; 50 feet to 100

feet, 3000 pounds; 100 feet to 150 feet, 2750 pounds; 150 feet to 250 feet, 2500 pounds; 250 feet to

300 feet, 2250 pounds; above 300 feet, 2000 pounds. In addition to this, the floor and panel system is

strengthened to provide for a load arising from the concentrated weight of the engine of 3500 pounds,

and sometimes 4000 pounds, per foot lineal. Strains in tension are taken at 10,000 pounds per square

inch, and in compressions 8000 pounds to 10,000 pounds for chords of 10 to 14 diameters, and 4000

pounds to 6000 pounds for posts of 20 to 30 diameters.

" So much for the designs of our bridges. When we come to examine the methods of construction,

we shall see that the marked feature is the use of special machine tools by which the sizes and lengths of

all the parts are fitted with the utmost exactness at the place of manufacture. The ends of the upper

chords and of the columns are faced in lathes, and the lower chord bars and diagonal tie bars are drilled

with a pair of drills set on a wrought-iron bed, so as to give absolute accuracy of length. The pins are

turned, and fill the holes so well that one one-hundredth of an inch is the limit of play allowed.

" Now, the point to which I particularly wish to call your attention is that when once the machinery

is provided this accuracy of workmanship costs nothing. Hence there can be no disposition to slight

work and make imperfect joints and liearings. The process of manufacture is the best inspection possi-

ble. The bridge is calculated to come to a certain camber ; and if it does not come to that camber, or if

any of the eye bars are loose, something is wrong.

" Now, every one who has ever built riveted lattice bridges knows that unless iron templates are used

and the greatest possible care taken in laying out the work the rivet-holes will not come opjxjsite to each

other, and either drifting or riming must be allowed. Exactness of workmanship can be attained, but it

costs the maker a great deal more money than rough fitting, while in the machine-made bridges there is

no inducement to do poor work.

"As to the actual economy of material, perhaps the best illustration that I can give you is to quote the

weights of the 200-foot spans over the Miramichi River, on the Intercolonial Railway of Canada. Ten-

ders were received for these bridges from various European, English, and American bridge builders_

There were seventeen spans of uniform length, and these were all designed on the same specification

—

viz., to carry a general moving load of 2800 pounds per lineal foot and a load on floor system of 3600

pounds per foot; strains in tensions, 10,000 pounds per square inch; in compression in chords, 7500
pounds to 8000 per square inch, or posts 4000 pounds to 6000 pounds.

"The different designs may be divided, for purposes of comparison, into four classes: i. Riveted-

lattice girders, short panels, 6 feet to 8 feet long; low trusses, 16 feet to 18 feet high; weights, 244!^,

221, 206j4, 202 tons. 2. Riveted-Iattice girders, panels, 9 feet to loj^ feet long; trusses, 20 feet high
;

weights, 141, 140, 137, 134^ tons. 3. Pin-connected trusses, panels, 9 feet to II feet; trusses, 20 feet

to 22 feet; weights, 128^, 126^4, 122 tons. 4. Pin-connected trusses, panels, 12 feet to 14 feet long;

trusses, 25 feet to 28 feet high; weights, iii, 109 j^, 102 tons. It will be observed that the saving of

dead weight is due more to the design than to the diflerence between riveted and pin connections. We
may say roughly that the diflerence due to this cause alone is nothing for spans of under 100 feet; from

100 feet to 200 feet, 5 to 20 per cent. Above 200 feet the increase is rapid in favor of pin connections.

When we come to examine the question of rapidity of erection, the pin connections have a great advan-
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of the Cincinnati Southern Railway at Cincinnati, a single span of 515
feet; the Lek River Bridge at Kuilenburg, Holland (1S70), with one span

of 492 feet, one of 262.5 feet, and seven of 187 feet; the Tamar Bridge at

Saltash, with two spans of 455 feet and seventeen smaller spans; the Ohio
River Bridge at Cincinnati, on the Newport and Cincinnati Railroad, with

a span of 420 feet; the Ohio River Bridge at Louisville (186S), 5318.8 feet

long and with a maximum span of 400 feet; the bridge over the Missouri

River near Kansas City, with three spans of 400 feet each, one of 250, one

of 200, and two of 175 feet each, and a viaduct 2000 feet long; the Vistula

Bridge at Dirschau (1857), with six spans of 397 feet (//. 43,7?^. 12); the

Waal Bridge at Bommel, with three spans of 393.7 feet and eight of 1S7

feet; the Kentucky River Bridge at Dixville, with three spans of 375 feet

each; the Parkersburg and Bellaire Bridge over the Ohio for the Baltimore

and Ohio Railroad, with sjDans of 350 feet; the Rhine Bridge (1862) at jNIay-

ence [fig. 17), with four spans of 345 feet and twenty-eight smaller spans;

the Rhine Bridge at Hamm (1870), with four spans of 340 feet; the Rhine

Bridge at Griethausen, with one span of 329.4 feet and twenty smaller

spans; the bridge over Hollands-Diep at Moerdyk (1871), with fourteen

spans of 328 feet each and two smaller spans; the Rhine Bridge at Cologne

(i860), with four spans of 322 feet; the St. Charles Bridge over the Mis-

souri, with channel spans of 321.5 feet; the Ohio Bridge at Steubenville,

with main span of 319 feet; the Elbe Bridge at Hamburg (1870), with three

spans of 316 feet; the Ohio Bridge at Benwood, with main span of 305 feet;

the Wye Bridge at Chepstow (1852), with one span of 300 feet and three

smaller spans; the Rhine Bridge between Mannheim and Ludwigshafen

(1867), with three spans of 295 feet; the Boyne Bridge at Drogheda (1855),

with one span of 267 feet and two of 140 feet each; the Danvibe Bridge of

the Austrian North-western Railway at Vienna (1872), with four spans of

252 feet and fourteen of 97 feet; the Danube Canal Bridge at Vienna (1869),

tage. They can not only be built much quicker, but they require no skilled labor; any ordinarily intelli-

gent laborers can erect them under a good foreman. Those of my hearers who have had tlie opening of

their lines delayed by a strike of the riveters can appreciate this point.

" Spans up to 1 50 feet can be erected by a gang of twenty men in a single day, if necessary ; a 200-

foot span, two to three days ; a 250-foot, three to four days, etc.

".'\s we put a less quantity of iron in our bridges, \ve are able to use a better quality. In fact, it is

difticult to make the eye bars forged by hydraulic pressure except out of a good quality of iron.

" One more point, and I have done. In Europe I believe that the practice is to receive tenders by

the pound upon detailed drawings. In the United States the engineer makes a general specification,

giving the lengths of spans, width, angle of skew, if any, the loads the bridge must be designed to caiTy.

and the limit of allowed strains, leaving all details of construction and arrangement of depth, length of

jianels, etc., to be determined by those competing. Different engineers, either connected with bridge

establishments or acting independently, but all following that branch as a specialty, make plans in accord-

ance with the specifications, and tender so much per foot or span, keeping the weights to themselves.

Tliese methods have their advantages and corresponding disadvantages.

" The European method, while securing plenty of iron and safety in construction, has overloaded its

bridges with dead weight, and made very long spans unattainable except at great cost, from there being

no competition in design. The American method has up to tliis time secured both a safe and an eco-

nomical use of material and good quality of iron and workmanship. This has been due directly to com-

petition in design."
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250 feet; the Mississippi Bridge at Keokuk, Iowa, with main spans of 250

feet; the Danube Bridge at Stadtlau (1870), with five spans of 249 feet and

ten of no feet; the Kinzig Bridge (1858) at Offenburg {pi. 43,/^x 10, 11),

with a single span of 197 feet, etc.

Iron-treslle Bridges form one of the noteworthy varieties of the modern

bridge which are made to do vahiable service for railway purposes. Of

these, several remarkable examples were noticed under the head of

Wooden Bridges (p. 250). Some of these have been replaced by iron

structures of the same type, and a number of others of exceeding boldness

of design have been erected within a recent period.

Trestle Viaducts.—Of some interest are the cast-iron trestle viaducts

erected over the Cheat River for the tracks of the Baltimore and Ohio

Railroad. These were built in 1853 by Albert Fink. They cross the river

at an elevation of 250 feet, the trestles being 60 feet high. They are still

in service. The substitution of wrought iron for this form of structure is

believed to have been first made by C. Shaler Smith, an eminent American

engineer. He employed Phoenix columns {pi. 42, fig. 7) for posts, stiff-

ening them with cross-struts united with diagonal tie-rods. This struc-

ture, which supported a trussed girder carrying the roadway, has been the

model after which a number of similar structures have been copied. A
notable example is the Portage Bridge (//. 45, fig. 1 ), an iion viaduct over

the Genesee River, in New York, on the line of the Erie Railway. It has

ten spans of 50 feet, two of 100 feet, and one of 118 feet, and a 50-foot span

placed between each of the last-named long spans.

TJic Verrugas Viaduct is on the line of the Oroyo Railroad, in Peru; it

crosses the Agua de Verrugas at a height of 5478 feet above sea-level. As

shown in Figure 2, it is composed of three iron piers respectively 145, 252,

and 177 feet high, each being 50 feet long by 15 feet wide at the top. The
spans are formed of trusses of the Fink pattern, three of which are 100 feet

wide and the fourth 125 feet. The length of the structure over all is 575
feet.

Kimtia Viaduct.—An even more extensive structure than this is the

Kinzua Viaduct, on the line of the Erie Railway, over the Kinzua gorge

{pi. /[2,fig. 15; //. 46, fig. i). It is 2052 feet in length and at its highest

point 301 feet above water-level. The foundations on which the trestles

are supported are piers of sandstone one hundred and twelve in ntimber.

The posts are built of Phoenix columns stiffened substantially as above

described. A notable structure of the same character, 302.5 feet high and

1662 feet long, has been thrown across the Rio Pecos, in Te.xas, on the line

of the Galveston, Harrisburg and San Antonio Railroad.

European V'aducts.—A number of notable viaducts have been built in

Europe in imitation of the high wooden-trestle viaducts in this country.

(See Wooden Bridges, p. 250.) Among these maybe mentioned the Crum-
lin Viaduct (1850) at Newport, in South Wales, with trestles 173.87 feet

high, and the Saone Viaduct at Freiburg (1862), with trestles 141. 7 feet

high. In these structures the posts and cross-struts are formed of cast iron
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and the diagonal tie-rods of wrought iron. This system has been followed

more recently in quite a number of trestle-constructions in Europe—the

Creuse Viaduct at Bousseau d'Aliun, the Cere Viaduct of the Orleans

Railway, four viaducts on the Commentry-Gannat line—reaching a height

of 196.8 feet—the Iglau Viaduct at Eibenschiiss, etc.

In America, where this type of bridge is represented by the most

remarkable structures in existence, the use of cast iron has been entirely

abandoned for wrought iron, and in the United States, where iron-trestle

bridges are comparatively numerous, they are made to do valuable service

for railway purposes.

Steel Bridges.—Of late, steel has come into use, and a number of nota-

ble bridges have been erected of this material. The first extensive experi-

ment with steel was in the construction of the great arch bridge over the

Mississippi at St. I/Ouis, Missouri {pL 47, fig. 2), built from the plans of

the late Captain James B. Eads between the years 1868-1874. This will

be referred to under the head of Arched Bridges. A steel-girder bridge

over the Missouri River between Bismarck, Missouri, and Mandan, Dakota,

built for the Northern Pacific Railroad, was opened in the year 1882. It

has three main spans over the river of 400 feet each, and two shore spans

of 125 feet. The Lachine Bridge over the St. Lawrence at Montreal, also

a notable example of a steel bridge, has a length of 3514 feet, with two

main channel spans of 408 feet each, and a number of smaller ones.

Poiiglikcepsie Bridge.—Following the Missouri River Bridge came the

great steel bridge over the Hudson at Poughkeepsie (//. i\6,fig. 4), fin-

islied in 18S8. This fine structure has a total length of 6667 feet. It has

three spans of 540 feet each and two connection spans of 525 feet each. At

the present time this bridge has the longest span of anj' structure of its

tvpe. This structure is a most important one in its relation to the trans-

portation system of an extensive region, forming as it does the connecting-

link required to establish direct communication between the railway sys-

tems of the New England States and those tapping the coal-fields of Penn-

sylvania.

Cantilever Bridges.—Of late }-ears bridges constructed on the principle

of the cantilever—that is, in which the superstructure is formed of project-

ing beams or levers fixed at one end to the abutments or piers and free at

the other end—have come into high favor among engineers. This type

of bridge structure, like the suspension type to be later considered, is an

ancient one, and its revival is due principally to American bridge-builders

who have adopted the system successfully in the case of a number of im-

portant structures.

Ancient Japanese Cantilever Bridge.—An interesting example of a

bridge on the cantilever principle, which is of undoubtedly high though

of unknown antiquity, is shown on Plate 38 {fig. 7). The existence of

this structure was made known to the engineering world through a corre-

spondent of Van Nostrand's Engineering Magacine, who furnished a pho-

tograph of the bridge, on which the Figure is based, and also a brief descrip-
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tion, wliicli is here substantially reproduced. The picture is a view of a

very fine and costly bridge of red lacquered work, of cantilever construc-

tion, built by native engineers at the sacred city of Nikko, in Japan.

"The abutments are of hewn stone, the shore piers of hewn granite,

octagonal, monolithic, mortised for stone girders; monolithic plate beams

receive the wooden superstructure. The stringers, which are fastened into

the abutments, balance over the stone beams, but do not reach, by a con-

siderable distance, the gap being fitted by middle stringers let into the

shore stringers. The Niagara Bridge is a mere amplification of this one,

which was built as a religious duty, and, like a bridge of angels, its planks

are never profaned by the feet of the laity."

Pope'' s Flying-lcvcr Bridge.—In a now somewhat scarce work by

Thomas Pope, published in 1811, with the title A Treatise on Bridge

Architecture^ in which the Superior Advantages of the Flying Pendant-lever

Bridge arefully Proved., etc., the author describes a method of construct-

ing a timber or iron bridge "with a single arc, on the principle of the

lever." This plan is identical in principle with what is now designated

the cantilever. Pope prepared detailed plans and estimates for the erec-

tion of a timber bridge on this system across the East River at New York,

and constructed a model to illustrate the practicability of his ideas. In his

treatise there occurs, in a foot-note, the following reference to this model.

It " was built to illustrate a bridge suitable to span the East River at New
York with a single arc the chord of which would be 1800 feet; the altitude,

or versed-sine, 223 feet. The abutments were built in the form of so many
warehouses, and the whole was erected on a scale of 3^ of an inch to one

foot; the length of model of half bridge, in real measure, is nearly 50 feet.

The weight borne at one time by the unsupported arm of this diminutive

model, since finished, has been ten tons, and has astonished the mind of

every beholder." This ingenious man, like others who think in advance

of their time, failed to see his plans realized. Figures 5 and 6 (//. 38) are

illustrations of this unique project, which is worthy of record because of its

historic interest.

Niagara Falls Cantilever Bridge.—One of the most interesting speci-

mens of the cantilever bridge is exhibited by the beautiful structure span-

ning the Niagara River a short distance below the Falls (see Fro)itispiccc).

It has a total length of 910 feet and crosses the river with a single span of

470 feet; tlie roadway is 239 feet above the water-level. On account of its

great height, as well as the rapid current of the river at this point, the

erection of staging in the stream was impossible, and the mode of building

by "overhang" (described in the reference to the Forth Bridge) was
adopted. Tlie materials employed are steel and iron.

Firth ofForth Bridge.—The Poughkeepsie Bridge will be far exceeded
in length by the great steel bridge now in course of erection over the Firth

of Forth at Oueensferry, in Scotland. This colossal structure, the design

of which is shown on Plate 46 {fgs. 2, 3), with viaducts, will be 8300 feet

long, with two main spans of 1700 feet each and two side spans of 675 feet
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each, with a clear way betweeu water-level and the central 500 feet of 150
feet. Each span consists of two cantilevers joined by a central girder. The
method of building is that known as "erection by overhang"—that is to

say, each of the great cantilevers will be built out like wings from the

piers, section by section, until they shall have been advanced far enough to

be united to their connecting girders.

Combination Bridges^ constructed in part of wood and in part of iron,

are in vogue in the United States to a considerable extent for railroad

bridges on account of their cheapness. The practice is to construct the

members subject to tension of wrought iron and the compression-members
of wood, the connections being either of cast or wrought iron. They are

adapted for spans up to 200 feet.

St. Paul Highway Bridge.—The structure shown in Figure 2 (//. 44)
is a truss bridge which spans the Mississippi River at St. Paul. It is a

highway bridge, and is constructed of a series of trusses, of which the

largest, the channel span, is of iron, the remainder being of wood. The
peculiar feature of this bridge resides in the fact that its roadway is built

upon a gradeof 1 : 20 up to the channel span, where it is i : 28—an arrangement
that is made necessary by reason of the bluffs (125 feet high) on the west

bank of the river. The eastern approach is formed by an embankment
1500 feet long, followed by 375 feet of trestle-work in bents 30 feet apart.

Then follow seven spans of 140 feet each, succeeded by the channel spans

of 240 feet and a short span of 80 feet, over the St. Paul and Omaha Rail-

road to the top of the bluff. The piers are built in steps, so that there is

a difference of 7 feet in the height of each succeeding one, and the roadway

is supported on the top chords by bents. The short spans are of wood.

The channel span is of iron, and gives a clear headway of 63 feet above

high-water level.

Girard Avenue Bridge.—One of the most celebrated roadway struc-

tures of its kind is the Girard Avenue Bridge across the Schuylkill River

at Philadelphia. It has five spans, with a total length of 865 feet, and

the width of the roadway is 100 feet, divided into one carriage-way of

675-2 feet and two sidewalks each of ^6\^ feet. This bridge is remarkable

as the first attempt in this country to combine the American system of pin-

connection bridges with a solid roadway of stone.

IVrought-iron Arch Bridges., in use some thirt\' or forty years for road-

way bridges, have of late come into vogue for railway purposes; they are,

as a class, remarkably handsome structures (//. 43, _/?^. 20). The arch is

constructed either as a plate girder or as an open girder. Provision is

made for the slight distortion and lateral displacement of the arch girder

by reason of stress produced by the load and by changes of temperature.

For this purj^ose the feet of the arches, which rest upon the piers, are not

rigidly joined to the latter, but by some form of interposed bearing which
will permit of a slight degree of play {fig. 22). By introducing a third

joint at the crown of the arch the latter may without resistance adjust

itself to the changes of temperature bj- expanding or contracting, in
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consequence of which the crown of the arch will rise and fall very

slightly.

^7. Louis Bridge.—The most important structure of this type, and one

ot the most imposing bridge structures in the world, is the steel tubular-

arch bridge over the Mississippi at St. Louis. It has three spans, each

formed with ribbed arches of cast steel. The centre span is 520 feet wide,

and the side spans are 502 feet (//. 47, fig. 2). The piers and abutments

rest at coffeiderable depth on rock-foundation, which was secured by the

use of caissons with air-chambers and locks. The bridge was completed at

a cost of ten million dollars, and opened for traffic in 1S74.

Douro River Bridge.—An iron-arch bridge of bold and noble design

is that over the Douro River near Oporto, Portugal {fig. 4). This

structure was finished in 1877. It is 151 1 feet long, and spans the river

with a single arch 520 feet wide, with a height above the water of 198 feet.

The piers are iron trestles resting on granite foundations. The lower plat-

form is divided into five bays by the suspension-rods. It is formed of two

lattice girders spaced 29^ feet apart from axis to axis and 10^ feet wide

between the chords. The main girders have been strengthened, with the

view of resisting the wind; so that the platform alone, without the aid of

the rigidity of the suspension-rods, is amply strong for the purpose, the

construction being such that the stress due to the wind is transmitted

directlv to the abutments, where, against the masonry, are arranged shoes

which permit of expansion, but prevent all lateral motion.

Harlem River Bridge.—At the present time a steel-arch viaduct of

two spans is being constructed over the Harlem River, New York {fig.

3). These arches are plate girders of steel, having each a span of 510

feet. They rest on massive masonry piers, which rise to the level of the

roadway, which, in turn, is supported on vertical posts erected on the

arches. The height is 152 feet above the water-surface. The approaches

are viaducts of granite carried on stone arches.

Other Noteworthy Iron-arch Bridges are the Rhine Bridge at Coblenz

{pi. ^T,., figs. 20-27), completed in 1864, with three spans of 317.3 feet

width; the Hotel de Ville Bridge in Paris, with a span of 262.5 feet; the

drawbridge at Marburg, with three spans of 172.3 feet; the Theiss Bridge

at Szegedin (1858), with eight spans of 138.8 feet; the railway bridge over

the canal St. Denis (1858), with a span of 148.3 feet; the street bridge over

the canal St. Denis at Villette {1867), with a span of 147.7 ^^^^'^ the Ruhr
Bridge at Miihlheim, with three channel spans of 118.5 feet, etc. What is

believed to have been the first wrought-iron arch bridge was built over the

Cron at St. Denis (1808).

Suspension Bridges have as their prototvpes the crude rope bridges

known to the natives of Hindustan and South America and to the Chinese

from time immemorial. These were formed of a couple of ropes or twisted

vines (lianas) thrown across a river or precipice, with a roadway of bamboo
or the like lashed to them; other ropes stretched across the space at suit-

able height above those first named formed hand-rails. Figure 3 (//. 38)
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exhibits one of these primitive bridges in the Himalaya IMountains. It is

made of two parallel canes, resting at their ends on posts, and from these

are suspended loops at intervals in which the floor of cane is laid. This
particnlar structure spans the Runject near Darjiling, and is 240 feet

long.

In the suspension bridges proper {pi. \\,figs. i, 2; //. \%, figs. 2-4) the

roadway is not placed directly npon the cables or chains, but is suspended
from these by means of suspension-rods and stays. The form and inclina-

tion of the roadway, therefore, are quite independent of the cables or

chains, and in recent bridges of this type it is customary to give the road-

way an inclination upward from both ends toward the middle of the

span.

Classes ofSiispensi07i Bridges: Construction.—Suspension bridges may
be of two kinds—chain bridges and wire-rope or cable bridges. In those

of the first class (/>/. i,\^fig. 3) the chains are formed of rods or bars of

forged iron or steel, of which a number—as many as twelve—placed side

by side, form a link of the chain. These rods have at their extremities

eyes through which bolts or pins are passed, fastening them to one another,

and with which the suspension-rods supporting the roadway are likewise

secured. Frequently two chains (as in the Figure) are used, one over the

other.

The earliest wrought-iron chain bridges of which there is record were

those built by Finlay in the United States. The supporting structure in

these was a chain fonned of 7-foot links of square bar-iron, from which the

roadway (of wood) was hung by iron suspension-rods. The towers were

generally of wood. The first of these chain bridges was the road bridge

with a span of 70 feet built in 1796-97 over Jacob's Creek on the highway
between Uniontown and Greensburg, Pennsylvania. The general apjDear-

ance of these bridges is shown on Plate 48 {fig. i).

In the wire-rope or cable bridges {pi. \\,figs. i, 2; pi. 48, yf^i-. 2, 3),

instead of the above-described iron or steel links, many strands of iron or

steel wire are laid up to fonn a cable, which is finally firmly bound round

with wire. One of the first (if not the first) cable suspension bridges in

the United States was that built in 1842 by Charles Ellett, Jr., over the

Schuylkill River at Fairmount, Philadelphia. It was in its time quite a

noted structure. It had ten cables, five on each side, and the span from

centre to centre of towers was 358 feet. The clear width between side rails

was 25 feet. This bridge remained in service for about thirty years, when
it was replaced by the present double-deck bridge of iron.

Anchorages and Bearings.—The chains or cables may be anchored

directly to a rock anchorage, or, as is almost universally done, may be

extended backward over piers or towers and firmly secured to the solid

rock or beneath a mass of masonry by means of " anchor-plates" (//. 41,

figs. ^a-c\ pi. 42, fig. 9). The anchorage must, of course, be amply strong

to resist the pull of the cables. That the slight movement of the cables

proceeding from changes of loading and of temperature may not e.xert an
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injurious bending strain upon the towers, it is necessary that the bearings

on which the cables rest shall be such as will allow the cables a certain

freedom of motion. Figure 4^, b {pi. 41) and Figure 10 (//. 42) exhibit

some of the numerous artifices employed for this purpose. In these devices

the cables rest upon movable saddles with a gentle curvature to avoid a

sharp bend, and the saddles, in turn, rest upon a series of horizontal steel

rollers which are free to move in response to the action of the cables. The
under-bearing is a flat plate of iron or steel fastened by bolts to the top of

the pier.

The Advantage ofSuspension Bridges over the girder and arch bridges

is that the supporting structures (the chains or wire cables) are subjected

to strains of tension only, in consequence of which a much lighter con-

struction for a given load is made possible than with bridges of other types.

For the same reason, bridges of this type may be successfully employed for

spans of great width where other forms of bridge could not possibly be

employed. The number of intermediate piers is reduced to a minimum
in the suspension system, which means a saving in cost and a lessening of

the obstruction to the waterway. The construction of the suspension

bridge, also, whenever the cables or chains are in place and secured to

their anchorages, is a simple matter, as the scaffolding required for the

erection of the rest of the structure is comparatively light, and can be sus-

pended from the cables and moved along as the work progresses.

The Disadvantage ofSuspension Bridges, on the other hand, is that in

high winds or in the passage of heavy loads they are liable to deformation

and to more or less severe oscillation, in consequence of which they have
,

been confined principally to ordinary road traflSc and are used only to a

limited extent for railway traffic.

To stiffen the structure and give it greater stability, several plans have

been adopted. One is to make the suspended superstructure a trussed gir-

der, and, in addition to this, to steady the structure by the use of anchor-

rods or wire ropes which are attached at different points under the floor,

and are carried to the abutments and firmly fastened to them. This plan

is adopted in the railway suspension bridge built over the Niagara River

by Roebling (1852-1855; //. 48, y?<;^. 2). A different plan is adopted in the

" Point Bridge," at Pittsburgh {fig. 4).- This is a chain bridge, in which

the chain itself is stiffened by a truss and jointed at the centre and piers.

A somewhat similar plan is employed in the railway bridge over the Danube
Canal at Vienna. To secure additional lateral stiffness to resist wind-

pressure, it is usual to draw the cables inward at the centre of the span.

In the Niagara Falls Suspension Bridge, which has four cables—two on

each side of the bridge—the two upper ones are 37 feet apart where they

rest on the towers and only 13 feet apart at the centre, while the lower set

are 39 feet apart at the towers and 25 feet at the centre.

Where, in addition to the cables at the sides, there are others placed

over the axis of tlie bridge, as is the case in some wide bridges of tliis

type, it is the practice to draw the outer cables inward at the centre of the
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span as just noted, and to spread the inner cables at the centre and draw
them in at the piers. To stiffen the roadway and lessen undulations and
relieve the cables of much of the strain they would otherwise have to sus-

tain, a number of wire rods or cables, called cable-stays, are used. These
extend from the saddles obliquely downward, and are attached to the floor.

These stays rnay reach out a considerable distance across the span. They
serve an excellent purpose in transmitting directly to the saddles the strain

due to the weight of the structure and the load {pi. i^x^Jig. i).

In the Ordish-Lefeuvre system, illustrated in the Franz-Joseph Suspen-
sion Bridge, at Prague, the plate-girders of the roadway are supported-

entirely by such oblique suspension-rods passing directly to the towers;

and as, on account of their great length, they require stiffening, they are

fastened to a comparatively light chain, passing from tower to tower, by
means of vertical suspension-rods.

East River Suspension Bridge.—The greatest existing structure of this

type is the suspension bridge over the East River joining New York City

and Brooklyn (//. 48, fig. 3). It crosses the river with a single span of

1595 feet. The approaches, which are heavy masonry arches, are 2492.5
feet long on the New York side and 1901 feet on the Brooklyn side, mak-
ing the total length of the structure 5989 feet. The bridge has a clear

headway at high tide of 135 feet at centre and of 120 feet at the ends. The
cables are four in number, each 15.5 inches in diameter.' The piers are

134 feet long and 56 wide at the water-line, and rise to the height of 280

feet. Each is pierced with two pointed arches for the admission of a rail-

way track, carriage- and foot-way (//. \z., fig. 11). As above stated, the

two outer cables are drawn in toward the centre, and the two inner ones

are spread outward, to stiffen the structure against wind-pressure. This

splendid structure was designed by John A. Roebling, and was completed

by his son, Washington A. Roebling. It was opened for trafllic in 1883.

Figures 9 to 12 exhibit a section of the roadway and certain other details

of interest.

Other Notable American Suspension Bridges.—Man}- other notable

structures of this type, and some of the largest of their kind, are to be seen

in the United States. Of these may be named the Clifton Bridge,' at

Niagara Falls (for foot-passengers), with a span of 1268.3 feet (1869); the

Ohio River Bridge between Cincinnati and Covington, Kentucky {pi. 41,

figs. I, 2), built by the elder Roebling (1867), with a span of 1057 feet

between the towers, with two cables only, and a clear headway at low

water of 103 feet at centre and of 91 feet at the towers. The total length,

including approaches, is 2252 feet. Another interesting specimen of this

type of structure is the Niagara Falls Railway Suspension Bridge {pi. 48,

fig. 2), completed by the same eminent constructor in 1855. The span is

821 feet and the height above the water-surface 245 feet. There are four

cables, which rest on two iron towers at each end, 60 feet high, the towers

resting, in turn, on substantial masonry foundations. The superstructure

' Destroyed by a violent wind-storm January 5i 1889.
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is in the form of a rectangular box i8 feet deep and 24 feet wide, the sides

being formed of an open-trussed girder. The top or upper floor of the

superstructure carries the raihvay-track, and the bottom or lower floor is

the foot- and carriage-way. The Point Bridge over the Monongahela

River at Pittsburgh (referred to above) is interesting because of certain

peculiarities of construction. This is a chain bridge of three spans, the

longest being 800 feet (//. 48, Jig. 4).

Notable European Sitspensioii Bridges.—Among the noteworthy Euro-

pean suspension bridges may be named the cable bridge over the valley of

the Saotie at Freiburg (1832), with a span of 195.7 feet; the Danube Bridge,

between Pesth and Ofen (1845), with a central span of 666 feet and two

lateral spans of 298 feet; the Hungerford Bridge over the Thames at Lon-

don (1845), with three spans of 676 feet and two of 329.5 feet; the cable

bridge over the Vilaine at Roche-Bernard, with a span of 664 feet; the

chain bridge over the Menai Straits at Bangor (1826), with a span of 578.5

feet (//. \2i^Jig. 8); the Franz-Jo.seph Bridge over the IMoldau at Prague

(1868), with a central span of 480.3 feet and two lateral spans of 156.5 feet

each; the Franzcns Chain Bridge over the same river at Prague (1842),

with spans of 433.4 and 109 feet respectively; the Albert Suspension Bridge

over the Thames at Chelsea, with a centre span of 400 feet and two side

spans of 155 feet each; the Hammersmith Bridge over the Thames in Lon-

don (1827), with three spans of 399.5 feet each and two of 147.3 feet; the

Dordogne Bridge at Cubzac (1839), with spans of 357.6 feet; the Maas
Bridge at Seraing (1843), with a span of 344. 5 feet; and the Conway Chain
Bridge over the ]\Ienai Straits (1826), with a span of 327 feet.

Royal Gorge Bridge.—The ingenuity with which American bridge

engineers overcome obstacles of an unusual character by departing from

traditional custom is well illustrated in the original design of the bridge

carrying the line of the Denver and Rio Grande Railroad over the Royal

Gorge of the Arkansas River in Colorado {pi. \\^Jig. 3). At this point

the walls of the carion rise almost vertically to the height of iSoo feet, and

the difficulties of making a roadway into the mountain-side by blasting

were so great that it was determined to bridge the space to be crossed by
the railroad. This was accomplished by suspending the superstructure by

means of rods from two "arch-braces" or rafters braced against the walls

of the gorge. The superstructure is a plate girder 7 feet deep, and in

three spans with a total length of 275 feet. It spans the gorge at a height

of 47 feet above the water-surface. The structure was designed and built

by C. Shaler Smith.

Bridge Piers.—In modem times piers of iron are not infrequently used

in situations where it is desired to economize space beneath the bridge, or

where it is important to reduce to a minimum the load upon the founda-

tion, or, finally, where their use affords the most convenient mode of

obtaining a good foundation. (.See p. 286.) Where the stnicture is raised

to a considerable height above the surface, iron piers are cheaper than those

of stone.
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Piers of Cast Iron are either in the form of columns, of which one or
two rows resting on low stone foundations are placed directly under the
girders, or they consist of separate tubular pillars or columns driven into

the ground to a solid foundation either by arming the foot of the column
with a screw [pi. 50,7?^. 11) and screwing them down, or by washing out
the earth, sand, etc., beneath them with the aid of a water-jet, etc.; or,

finally, they are tubular piers formed of cylindrical sections fastened
together with screw-bolts passing through inside flanges. The.se sections

are added one after another as the cylinder is sunk to its foundation. This
is accomplished by either the vacuum or the plenum process.

Sinking Piers: I'acinim Process.—In the vacuum process the air is

exhausted from the interior of the cylinder, when its own weight, aided by
atmospheric pressure, causes it to sink a certain depth, and the external

pressure forces the soft soil around the open bottom of the cylinder up into

its interior. The air is now admitted and this soil is taken out. The cyl-

inder is then closed above, again exhausted of air, etc., and this is

repeated until the bottom of the cylinder has reached a sufficiently solid

foundation.

The Plenum Process is the reverse of this. The water is forced out from
around the bottom of the cylinder by forcing air into it; and when empty,
men are sent down into it (through an air-lock, pL 50, //V. 12, to keep the

pressure intact), who remove the soil from around the bottom and to some
distance below it. When they have left the chamber, the pressure is with-

drawn, and the cylinder, no longer sustained by the upward pressure of the

compressed air under its closed top, sinks to the depth of the excavation

made below its foot. Air is again forced into the chamber and the same
series of operations repeated until the desired solid foundation is reached.

Tliis principle—modified in details—was adopted in the construction of the

South Street Bridge over the Schuylkill at Philadelphia (//. 50, _/?^. 13).

The diameter of the cylinders should be such that for a double-track bridge

each pier should be formed of two, or at most of three, such cylinders. To
diminish the liabilitv to further settlement under the weight of the bridge,

as well as to increase the resistance of the iron to concussion, the interior

of the cylinders is filled with concrete. Finally, it may be mentioned that

in certain cases the towers of suspension bridges (the Dordogne Bridge at

Cubzac, 1839) and the piers of high viaducts (St. Gall Bridge, 154.8 feet

high) are constructed of cast iron in the form of tiers or trestles.

4. Mov.\BLE Bridges.

Classification.—When, by reason of the insufficient height of a bridge

structure thrown across a river or other stream, navigation is obstructed,

means must be employed whereby the bridge may be opened to permit the

passage of vessels. This is accomplished through various mechanical arti-

fices by whose aid either the entire bridge (where its length is small) or a

section of it is lifted by chains (lift bridge), or slid back (rolling bridge), or

Vol. v.—is
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made to revolve upon a vertical axis (pivot bridge), so that the length of

the movable section is placed parallel with the channel of the stream.

Li/l Bridges.—In the lift bridges a section of the bridge floor is raised

to a vertical position by the aid of some simple mechanical device, such as

a windlass secured to some stationary part of the structure and connected

with the movable section by a rope or chain. A counter-weight is fre-

quently used for this purpose, with suitable provision for counteracting the

difference in leverage during operation (pi. i,f^^fig. 2). This form of mov-

able bridge is adapted only for small structures, such as those spanning

creeks, canals, or ferries.

Rolling Bridges.—In the rolling bridges the moving section is mounted

upon cvlindrical rollers, by which the friction of the parts is reduced to a

minimum.
Pivot Bridges.—In the pivot bridges, which are by far the most numer-

ous of this class, the centre bearing is formed of a series of short conical

rollers arranged radially in a circle in such a manner that the vertices of

the cones, when extended, will intersect at the turning-point or pivot of

the draw-span. The draw is turned usually by means of a toothed wheel

which is geared into a rack on the centre ring, and which is operated by

a capstan worked either by hand or, in the case of a structure of great

size, by a steam-engine. The movement of the draw-span is controlled by

some form of locking device which prevents it from passing beyond a pre-

determined limit.

Arthur Kill Drazvbridge.—The recently-constructed drawbridge span-

ning the Arthur Kill and connecting the States of New York and New Jer-

sey is worthy of notice, as it is at present the largest drawbridge in exist-

ence. Figure i (//. 49) shows this structure with the draw open. The
total length of the bridge proper, exclusive of approaches, is 800 feet. It

comprises two shore spans covered by fixed trusses, and two draw spans

closed by the great drawbridge, which has a total length of 500 feet. On
each side of its central pier it affords, when open, a clear waterway of 208

feet. It requires about two minutes to open or to close it. This structure

was completed in August, 1888.

Pontoon Bridges.—Floating or pontoon bridges, consisting of a number
of floating and anchored vessels (boats or pontoons), designed to serve as

the support for a roadway across a stream, are of great antiquity. The
army of Darius crossed the Bosphorus (493 B. c.) on a bridge of this kind

on its way to invade Greece, and his successor, Xerxes, crossed the Helles-

pont (480 B. c.) in the same manner. Pontoon bridges were also used by

the Romans in their campaigns. In modern times they have acquired

importance in connection with military operations, and the armies of vari-

ous nations have a trained organization (bridge-equipment corps) to facili-

tate the passage of rivers. For this purpose the corps is provided with

various forms of portable floating pontoons and appurtenances, by whose

aid a stream of considerable width may be bridged in a few hours with a

temporary structure sufficiently strong to bear any weight which would be
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likely to be brought upon it in service. A number of bridges of this type

are in use at the present time for ordinary road traffic, and recently they

have even been made to serve for railway traffic, as in the case of the rail-

way pontoon bridge over the Rhine at Maxau, built in 1865 (//. 39, y?^.

14), the roadway of which is supported upon thirty-four pontoons. Includ-

ing approaches, it is 1190.3 feet long, and is traversed with light locomo-

tives. To permit of the passage of vessels plying the river, certain sec-

tions are detachable, so that they may be swung open and closed, as may
be required.

Pontoon Drawbridge.—What is said to be the largest structure of this

class in the world is the pontoon drawbridge over the Missouri River at

Nebraska City, of which a view is shown in Figure 5 (//. 47). Its length

across the navigable channel is 1074 feet, while the back channel is trav-

ersed by a causeway 1050 feet long supported on cribs. The draw is

V-shaped, with the apex down stream. It is operated by the current and
controlled by one man. The clear span of the draw is 528 feet. It was
completed and opened for traffic in August, 1888. It will be removed
during the ice season.

Flying Bridges (ferries) are employed in situations where the traffic is

not important enough to warrant the erection of a bridge. They consist

of a boat or pontoon (or of two coupled boats) and the cable to which it is

attached and by which it is guided from side to side of the stream. A
cable is sometimes stretched across the stream from bank to bank, and the

towing rope for the boat is attached to this by means of a travelling roller

(//. 39, Jig. 18), or, more commonly, the cable is anchored in mid-stream,

so that it is free to swing around its fastening when the boat, which is

secured to its other end, crosses over {fig. 19). To support the cable, so

that it shall not drag along the bottom of the stream, it is attached along

its course to several floats or trailing pontoons. The boat is propelled

across stream by the force of the current against its side, which is kept

diagonally to the course of the stream, while the head of the boat is kept

in the right direction either by the rudder or by a chain secured to the

towing cable.

Rolling Bridge at St. Malo.—A novel system of communication, that is

sufficiently interesting to warrant notice, is the rolling bridge between the

two cities of St. Malo and St. Servan, situated on the northern coast of

France, on the English Channel, and separated from each other by a nar-

row arm of the Channel, which is dry at low tide, but quite deep at high

tide. To establish direct intercourse between the two cities the architect

Leroyer of St. Malo constructed a light iron framework which carried foot-

passengers from one jetty to another. This iron structure rests upon a car-

riage mounted on wheels adapted to run on a railway-track. The carriage

is drawn in one direction or another by attached chains, which wind over

a drum actuated by a steam-engine. At the upper part of the framework

there is a platform for carriages, wagons, and merchandise, and for the

convenience of foot-passengers there is provided a species of cabin, to serve
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as a protection from the weather. The bridge operates at all states of the

tide. At high tide the appearance of the structure moving across the

waterway with nothing visible above the water but tlie freighted platform

and a few slender iron rods of the framework is quite curious. At low tide

the passage-way is dry, and the appearance of the bridge making its trip

between the jetties is shown in Figure 3 (/>/. 49). The lieiglit of the plat-

form floor above the rails is 34 >i feet, and at high tide the bridge is sub-

merged to the depth of 33 feet. The distance to be traversed from side to

side of the pass is 295 feet, and the trip is made in two and a half minutes.

This rolling bridge has been in operation since 1871 without interrup-

tion. The system is an exceedingly simple one, and, as there would appear

to be no difficulty in extending it considerably in length, it might be

found a serviceable expedient for other localities where the conditions

are similar.

Railivay Ferries serve for the transportation of railway trains (exclud-

ing the locomotive) across rivers, lakes, etc., whereby the unloading and

reloading of freight or the transfer of passengers is avoided. They are

boats of various dimensions, with a deck provided with several railway-

tracks, upon which sections of a train are run from the wharf This spe-

cies of railway ferriage is used in situations where tlie building of a bridge

is inexpedient for economic or strategic reasons, or to provide facilities for

transportation pending the construction of large bridges. These railway

ferries may be divided into two classes: (i) Those in which the ferry-boat

is steered by its rudder, and is therefore free to follow any course; and (2)

Those in which the course of the ferry-boat is directed to the desired point

by means of a chain or wire rope. In those of the first class either the rails

are placed upon the steam ferry-boat itself or the cars are run upon tracks

on special flat-boats, which the ferry-boat conveys to their destination. In

those of the second class, where the course of the boat is fixed, the boat

traverses the stream with the aid of two chains laid on tlie bed of the stream

and anchored at the ends. Chain-wheels on the boat driven by a steam-

engine pick up the chains, and in this manner the boat j^ropels itself to its

destination. The chains are paid out as the boat progresses, and sink again

to the bed of the stream.

The Rlieinliaitscn-Hociifeld Ferry of the Rhenish Railway (//. '^% figs.

15-17), on account of the shallowness of the river and the irregularities of

its bed, has two wire-rope cables substituted in place of the chains; of these

one of 1.8 inches diameter serves as a guide-cable, and the other of 1.14

inches diameter serves as the working rope. Tlie guiding cable is passed

over two guide-pulleys placed near the front and rear of the ferry-boat and
slightly above tlie water-surface. It is held in place by anchor-chains

attached at intervals of about 125 feet, their attachment to tlie cable being
made in such a manner as to interpose no obstacle to its passage over the

guide-pulleys {fig. 16). The working cable is passed over two winding-
drums upon the ferry-boat, and tliese are set in motion by a small steam-

engine, and the working ro^DC, like tlie guide-rope, is fastened at tlie sliore
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ends to a suitable anchorage. The section and plan views in Figure 20

(//. 39) illustrate this system very clearly.

Mode of Transfer on Raikvay Ferries.—The means b}- which the cars

are transferred to and from the terminal stations—always situated well

above high-water mark—to the lower-lying boat's decl.:, the height of.

which will vary according to the height of the water ai:-:l the weight of the

load it carries, may be cla.ssed as follows: (i) Those in wliicli the difference

in level is accommodated by interposed inclined planes; and (2) Those in

which the difference in elevation is eliminated bv raising or lowerine the

cars, by moving either the platform on which they stand or the boat itself

vertically up or down, as may be necessary.

Transfer by Inelined Planes.—At the ferry of the Rhenish Railway com-
munication between the ferry-boat and the river-bank is established by the

inter\'ention of inclined planes (incline, i : 48), which are carried from the

level of the terminal station to a point below low-water mark (//. y^, figs.

15, 17). In this case the locomotive may be used directly to draw up the

cars. A transfer platform or bridge mounted on -wheels and running ou

the ordinary rails {fig. 17) is used for shifting the cars from the boat to the

shore, and vice versa. In order that this connecting bridge may be kept

as short as possible, it is given an upward inclination toward the compara-

tively low-lying boat's deck. vSimple means are provided by which the

boat and shifting-bridge are held in position while the transfer is being

effected. The locomotive is not permitted to run upon the bridge, and to

avoid the necessity of this two empty cars are interposed between the loco-

motive and the cars to be transferred {figs. 15, 17).

Transfer by Vertical Movements.—An illustration of the second order

of transfer devices, in which the transfer is effected by direct vertical move-

ments, is afforded in the case of the railway ferry between Homburg and

Ruhrort, where the cars are run upon iron platforms which may be raised

or lowered through a distance of about 28 feet by hydraulic power. On
the Lake of Constance another plan of this order is in use, in which the

ferry-boat itself is raised or lowered, as may be necessary, by admitting or

pumping out the needful amount of water-ballast. This plan is suitable

only in situations where the alterations of the water-level are slight, as in

this case.

Movable-deck Transfer Ferryboat.—Figure 2 {pi. 51) is a cross-section

of a steam ferryboat who.se deck, designed to provide for landing at any

state of the tide, is capable of considerable movement. The usual movable

landing-stage is dispen.sed with; the deck of the boat is a platform operated

by six hydraulic elevators, by which it can be elevated or depressed, as

mav be required. The illustration shows the boat with the deck raised to

the quay level at low tide. The landing is made at the side of the boat,

but the same principle could be applied to provide an end landing should

this be desirable.

Bridge Constrnction in the United States.—In conclusion of this sec-

tion, the editor is enabled to append, on the authority of Thomas C. Clarke,
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ail estimate of the total amount of bridge construction in the United States.

It would be instructive to place beside this a similar estimate respecting

bridge structures of European countries, but data for this unfortnnatelj' are

not at this time accessible. Mr. Clarke estimates approximately that there

are in the United States, at the present time (1888), 208,749 bridges of all

kinds, having an aggregate length of 3213 miles. These are composed of

Iron- and wooden-truss bridges, 61,562 spans, witli a total length of 1086 miles.

Wooden trestles £47,187 " " " " 2127 "

Totals 208,749 3213 miles.

IV. HYDRAULIC ENGINEERING.

As the earliest works for the protection of the land from overflow by

water grew out of the necessity of guarding the settlements and the habi-

tations of mankind from destruction by inundations, so the necessity of

supplying vegetation with the water needful for its growth gave rise to the

construction of works for providing artificial supplies of this element, and

for the irrigating of districts naturally destitute of it or whose supplies were

uncertain in quantity; and so, likewise, the desire to transform unwhole-

some and useless marsh-lands into fertile fields and to reclaim from the

waters lauds suited for agricultural purposes originated extensive works for

drainage.

With advancing culture, communication by water increased, and to

facilitate the navigation of streams various works for their regulation aud

correction became necessar}-. Navigable canals were at length constructed,

establishing, by convenient water highways, communication between rivers

or between rivers and distant oceans and their ports. The ever-increasing

population of cities and towns in time rendered it necessary to provide

extensive hydraulic constructions in the form of aqueducts, canals, etc. for

conducting and distributing their water-supplies, and the rapid growth of

the industries called into existence many forms of construction and appli-

ances for utilizing water as a motive-power. Finally, the execution of

the various works—such as bridges, aqueducts, locks, and the like

—

needed in the construction of roads, railways, canals, etc., has demanded
the invention and perfection of many modes of securing artificial founda-

tions, which are sufficiently important to constitute of themselves a special

branch of hydraulic engineering, to the consideration of which the reader's

attention is invited.

I. Foundations.

The choice of the method to be employed in laying a foundation

depends chiefly on the nature of the ground, and the distinction may be

made between good ground (such as rock, gravel, sand, and firm clay),

medium ground (such as loam, dry peat, light clayey and meadow soils),

and bad ground (such as wet clay, marshy and boggy soils, quicksand,

etc.). The less compressible the soil and the less it is aflected by the action
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of water, the better it is suited for foundations. To avoid injury from frost,

the base of the foundation should be carried below the frost-line.

Dry Foundation.—Where the foundation is not reached by water and

may be laid dry, the work resolves itself simply into the excavation of a

suitable pit or trench or a series of pits and trenches, according to the

nature of the work, to the depth of 3 or 5 feet (for ordinary work) where it

has been ascertained that the surface soil is reliable. The bottom of the

excavation must be properly levelled, and in disposing the blocks of

masonry constituting the foundation the largest stones should be placed at

th'.' bottom. In the case of foundations made in soil the base should be

broadened, to insure the proper distribution of the pressure. In such cases,

also, care must be taken that the stones of the bottom course are solidly

bedded in the ground, so that they shall not exhibit any tendency to dis-

placement when loaded with the weight of the masonry laid upon them.

Foundations in Unstable Ground.—If a firm bottom can be found only

at a considerable depth, it will be necessary, in the case of large and heavy

constructions, to excavate the overlying .soil until solid ground is reached;

where the weight of the intended structure is not very great, it will often

suffice to found it upon separate pillars or piles of stone or iron united

above by arches or girders and reaching down to the solid bottom. Should

it pro\e impossible to reach solid ground at a reasonable depth, the only

resource is, on the one hand, to endeavor to make the available soil more

dense, and, on the other hand, to broaden the base of the masonry founda-

tion to such an extent that t,he pressure upon the unit of ground-surface

will be reduced to the point where, without lateral displacement, it will

transmit the weight of the intended .structure downward. With this object

in view, the excavation should be filled throughout its entire length to the

depth of 3 or 6 feet—more or less, according to the nature of th^ soil and

the weight of the intended structure—with broken stone, which must be

well rammed down; or the stone packing may be made deep enough and

broad enough to answer the purpose without ramming or rolling. Layers

of sharp, dry sand or gravel introduced into the excavation and thoroughly

rolled or rammed are well adapted for distributing an equable pres.sure over

a large surface. If it is intended simply to build foundation-walls at the

margins of the excavation, the load they will be called upon to bear may

be distributed over the entire floor of the excavation by joining the walls

with inverted arches. Should the access of water complicate the work, it

will be possible in many cases to prevent this, while the work is in prog-

ress, by the application of one or the other of the various devices for

drainage.

Subaqueous Foundations.—Work is rendered decidedly more difficult in

cases where water has access to the location of the intended excavation.

To get rid of it and keep the base of the foundation Axy while the work of

construction is going on, mechanical appliances of various kinds, such as

bucket-wheels, Archimedean screws, ordinary pumps, centrifugal pumps,

etc., are resorted to. It is not always practicable, however, to remove the
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water by these means, and in snch cases it will be necessary to devise

methods for sinking the fonndation beneath the water.

Excluding Water: Dams.—Where the ground in which the fonndation

is to be sunk lies below the surface of the water, the area to be excavated

must be isolated and made impenetrable to water by interposing some form

of dam, the walls of which must project above the water-surface. Where

the water is still and shallow, an embankment of earth—which is the sim-

plest form of dam—may suffice; or where there is some current, bags filled

witli earth, to avoid the washing away of the material, may be employed.

Such simple earth embankments are in use in all countries along rivers for

protecting adjacent lowlands from overflow. In the United States, earth

embankments (called "levees") are built up for hundreds of miles along

the course of the Mississippi River.

Sheet-piling backed with an earth filling is more effective. To con-

struct a dam of this description, gauge- or guide-piles are driven about 6

to lo feet apart and joined by stringers. These serve to keep the piles in

line while being driven. They consist of squared timbers—sometimes

thinner than they are wide—cut obliquely or to an edge at the foot to allow

then: to be driven close together. Sometimes, also, the foot is furnished

with a sharp-edged or pointed iron shoe. Figure 171?, b {pi. 41) shows in

cross-section the form of these sheet-piles and the way in which they are

fitted together. One or several rowsof sheet-piling may be driven, accord-

ing to the nature of the ground, their tops rising sufficiently above the

water-surface to prevent danger to the excavation from overflow, and being

protected on the outside by an embankment of well-packed earth. The
piling surrounding the excavation may at times be required to protect the

finished foundation from the undermining action of the water, in which

case it will be driven with this object in view and made to serve as a per-

manent portion of the structure. Where the water gains admission chiefly

through the floor of the excavation the difficulty may be overcome by the

use of a layer of concrete, a mixture of broken stone and hydraulic cement

which attains great hardness under water and becomes impermeable.

Pile Foundations: Grillage.—After the excavation is quite dry, the

masonry for the foundation may be laid directly upon the ground, if the

latter be firm enough for the purpose. When, however, solid bottom lies

so deep that the excavation cannot be carried down to it, recourse nia\- be

had to rows of piles to bear the load of the structure and transmit the same
to the solid bottom. The piles (//. 41, figs. 15, 16) are driven at regular

distances from one another, forming rows. When driven, their heads are

sawed off" at a uniform height, and they are then strongly bound together

by two courses of stout timbers crossing at right angles(yf^j. i^b.^ i6l>), and

firmly secured to the piles and to one another by bolts or tree-nails. In

most cases, partly that the load to be sustained may be transmitted to the

soil surrounding the "grillage" (as the pile structure is called; //. 50, yf^.

6), and partly to prevent undermining, the spaces between the piles are

filled up to the level of their heads with concrete, broken stone, etc. (//.
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4i,7?^j. 15^?, 16a). To the top of the upper course of timber is bolted a

close flooriug, constitutiuji^ a woodeu platform, on which the masonry is

laid; or the upper course of the grillage limbers for this purpose may be
laid as a close platform.

Further to guard against undermining, the grillage is commonly sur-

rounded with a wall of sheet-piling {Jig. 15^), or, with the same ol)jcct in

view, the outside row of piles is formed of close piles {Jig. i6b)^ which are

usually driven about 2j/ to 4 feet apart each way from centre to centre;

their diameter should be at least 9 inches. The depth to which they

should be driven v.-ill depend on the nature of the soil and the weight of

the structure they are intended to sustain. The entire woodwork of the

grillage must be below the ascertained low-water mark, inasmuch as wood
expo.sed to alternations of wet and dry speedily decays. Where the soil is

stony or difficult to penetrate, it is usual to furnish the foot of the pile

with a pointed or edged shoe of cast or wrought iron, to facilitate its

descent.

Raiidom-stoiie Foiindatiotis.—In cases where the access of water cannot

be prevented, or can be prevented only by considerable outlay, one or the

other of the following modes of laying a subaqueous foundation is em-
ployed. Where the upper strata of the bed of the river, lake, or sea are

solid, a deposit of rough stone is simply thrown into the water until the

surface is reached. The top is then levelled off, and the building is pro-

ceeded with above water. To insure against settlement, the larger stones

are disposed around the outside of the heap. Foundations of this sort are

known as " rip-rap," or " random-stone" (//. 50,7?^. 4). In the construc-

tion of docks, breakwaters, sea-walls, and similar structures, in harbors,

instead of using random-stone, enormous blocks of beton are used therefor,

and these are placed by divers in proper position wdth reference to one

another.

Piles protected by Stone.—Where the solid stratum is found to be at

some depth below the surface of the river-, lake-, or sea-bottom, the

overl\ing unreliable soil must be removed by dredging before laying

the concrete or stone foundation. It may also be found advantageous

to employ piling under such circumstances. Figure 5 exhibits a set

of piles driven into the river-bed and protected from damage by a deposit

of stone. The tops of the piles are sawed off to an even height a short dis-

tance below low water, and a strong platform is erected upon them, from

which the masonry is started; or the piling may be made to serve as the

support of a crib of timber (floated to the proper position and sunk upon

the piling by weighting with stones), and the masonry is started from a

platform built upon the top of the crib. In this case the tops of the piles

must be sawed off so far down that the top of the superincumbent crib shall

also be below the level of low water.

Cast-iron Piles aud Cylinders.—Piles of cast iron of various forms are

somewhat used for sheet-piling; or, when intended to serve as bearing piles,

cylinders open at both ends have been employed. These may be of cou-
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siderable size, made in sections, the successive lengths being bolted to-

gether through internal flanges. (Such constructions have been described

in the section on Bridges, p. 273.) Where tubes or cylinders of cast iron

are employed (usually filled with concrete), they are generally carried not

merely to high-water mark, but, in the case of bridge-piers, up to the

superstructure proper. A modification of this method consists in surroimd-

ing a group of piles with an iron cylinder sunk to a solid bearing, after

which the enclosed space is filled with concrete. In such an arrangement

the piles may be carried above low water, since they are protected from

decay by the enclosing cylinder and concrete filling. They are likewise

protected from destruction by boring-worms. This plan was first proposed

by S. B. Gushing, an American engineer, and is said to give very satisfac-

tory results.

Wrmight-iron Piles: Scretv Pile.—Wrought-iron piles are also used to

a considerable extent for the foundation of important structures (as, for

example, light-houses exposed to the action of waves or of ice). These are

shafts of rolled iron, from 5 to 8 inches in diameter, which, instead of

being rammed into place, are furnished at the foot with a cast-iron screw

(//. 50, y?^. 11), by which they are screwed into place by men working at

long levers attached to their tops, after the fashion of capstan-bars. This

system was devised by Alexander Mitchell of Belfast.

TIic Sand Pile for soft soils is an expedient that has grown out of the use

of sand in filling foundations, trenches, etc. The mode of forming these

piles is thus described by Trautwine: "A short, stout wooden pile is first

driven 5 or 10 feet, or more, according to the case. It is then drawn out,

and the hole is filled with wet sand well rammed. The pile is then again

driven in another place, and the process repeated. The intervals may be

from I to 3 feet in the clear. Platforms may be used on these piles, as on

wooden ones. If the sand is not put in wet, it will be in danger of after-

ward sinking, from rain- or spring-water. In this case, as with fascines,

it is well to test the foundation by means of trial loads. Some settlement

must inevitably take place until all parts come to a full bearing, but it will

be comparatively trifling."

lilcchanical Appliances: Pile-drivers.—The simplest, and also the least

effective, machines designed for driving piles, are the hand-hammers
of wood or iron, weighing from twenty-five to thirty-five pounds. In

another form, a hammer weighing from six hundred and fifty to thirteen

hundred and fifty pounds is allowed to drop from a height upon the head
of the pile. The hammer is raised between the guides of the scaffold by a

rope. This passes over a pulley at the top of the frame, where it divides

into a number of cords, which are drawn upon by twenty or more work-
men. The hammer in this case is not lifted more than 5 feet at most. The
men deliver about twent\- or thirty blows, and then rest for a few moments
before repeating them. In another form the hammer is not .raised directly

by hand, but by the intermediation of some mechanical appliance (a winch,

tread-wheel, or the like). By a further improvement introduced with this
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form of the machine, the hammer, when raised to a certain height, is auto-

matically released, and drops upon the head of the pile; then the hook that

held the hammer follows, and seizes it again. In this form of the machine
the weight of the hammer varies from eleven hundred to seventeen hun-

dred pounds and the drop from 20 to 30 feet. Because of the greater dis-

tance of the drop, the last-described machine is much more effective than

the preceding hand-machines. Aside from this, in the windlass-machines,

the strength of the workmen—of whom, usually, but from four to six are

emplo\ed—is applied to better advantage. Pile-drivers operated by horse-

power have also been used.

Pozver Pile-drivers.—The modern improved forms of pile-drivers, actu-

ated by steam-power, are much more effective than those above described.

In the power-machines in common use the steam is employed to actuate a

winding engine by which the pile is lifted into position and the hammer
raised to the proper height after each blow has been delivered. In another

form of the machine, the steam-hammer pile-driver of Nasmjth, a very

heavy hammer (from three thousand to six thousand pounds in weight) is

given a comparatively small drop (about 3 feet), and delivers a number of

blows in quick succession. In this case the hammer is impelled by steam-

pressure in addition to its ownweight.
Gunpowder Pile-driver.—Excellent work has been accomplished by the

gunpowder pile-driver of Thomas Shaw, an American engineer (//. 50,

fig. 8), which is from four to eight times as effective as the ordinary

steam pile-drivers. In this novel machine, the hammer is operated by

small cartridges of gunpowder introduced one at a time in a species of

mortar, which rests on the top of the pile. The falling of the hammer
explodes the cartridge, driving the pile deeply into the soil, while the

recoil at the same time throws the hammer back to its first position, ready

for a second blow. From thirty to forty blows per minute can readily be

delivered with this machine.

To protect the heads of the piles from being shattered by the blows of

the hammer, it is customary to surround them with a stout hoop of iron.

This precaution, however, does not always prevent the heads from split-

ting, and in hard driving it is frequently found necessary to saw off the

head of a pile several times before it is driven home. This contingency

must be considered in deciding upon the proper length of piles for work in

soils difficult of penetration. It is worthy of note that the Shaw gunpow-

der pile-driver does not injure the heads of the piles; in fact, the hammer

never actually strikes the anvil, the cartridge being exploded, not by direct

impact, but by the heat of air-compression in the recess in the top of the

anvil, into which the piston of the hammer enters. The firm union of the

piling may at times preferably be secured by filling in the space between

them with concrete; or the heads of the piles may be permitted to project

into the masonry-work of the foundation, in which case their connection

by a grillage may be dispensed with.

Pile-sinking by Water-jet.—The use of the water-jet for loosening the
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material about the foot of the pile is frequently found exceedingly advan-

tao-eous iu facilitating the sinking not only of wooden piles, but also of

screw-piles and of the largest cylinders. In this method, by means of a

steam-pump, a jet of water is forcibly impelled through a flexible tube

around the bottom of the pile. By this simple device piles may be sunk

through sand, gravel, and loose soil with astonishing rapidity.

Timber Cribs.—In cases where the solid stratuin cannot be reached by

driving piles the timber "crib" {pi. ^o, Jig. 3) affords an excellent sub-

stitute. This is built of heavy squared timbers laid crosswise, notched at

their intersections, so as to be bound strongly together, and enclosed at the

sides witli a solid wooden wall, the bottom being left open. The structure

is thus divided into a number of rectangular cells. This timber frame-

work is put together afloat at some convenient place, and, after being towed

to the position destined for it, is sunk by weighting it with stone thrown

into several of the cells, which have been provided with platforms to retain

it. When sunk, the interstices of the crib are filled to the top with stone;

or the crib may be built with only an outer row of cells for sinking it with

stone, and the interior may then be filled with concrete under water.

Where the bottom is irregular, a level foundation of broken stone may be

prepared for the crib to rest upon, or the bottom edge of the crib may have to

be shaped to conform to the inequalities, etc., so that the concrete shall not

spread bevond the proper limits. When such a concrete foundation has

been brought up within a few feet of the surface and properly levelled oflT,

the masonry may be laid upon it directly. Where the structure will be

exposed to scouring, the outside .should be protected b}- sheet-piling or by

a pile of heavy stones deposited around its base, as shown in the Figure.

Subaqueous Deposition of Concrete.—The usual proportions adopted for

a concrete mixture are one part cement, two parts sand, and four parts

broken stone. For depositing the concrete upon the river-bottom special

arrangements have been contrived. Sometimes a box is employed, which,

being filled with the mixture, is brought over the desired spot by means

of a swinging crane, and is then lowered to the bottom, when, by pulling

a rope reaching to the surface, a bolt is drawn, and, one of the sides of the

box being opened, the load is discharged. The empty box is then drawn

up, and these operations are repeated. Or the device known as the

" tremie" is employed, which consists of a box, round or square, made of

wood or of iron, of sufficient length to reach to the bottom and furnished

with a hopper at the top, which projects above the water. This apparatus

is first filled entirely with concrete by using some such device as the box

first mentioned, and is kept filled by constantly putting into the hopper

additional concrete as fast as the material passes out at the bottom. Some
device of the kind here described is necessary for the purpose of depositing

the concrete on the bottom, since otherwise the cement would be washed

out of the mortar in falling through the water, and its solidifying power

would be destroyed.

The Caisson.—Another method of laying subaqueous foundations is that
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of the caisson. This device is a watertight timber box whose sides are so

arranged that when it has served its purpose they can be detached from the

bottom, which constitutes the platform on which the masonry is built, and
can be used in the construction of other caissons. The finished caisson is

floated over the desired spot, and is then sunk by weighting with stones.

The bottom, which forms a substantial platform for the masonry, rests

either on the natural bottom of the stream (previously levelled), or on a

foundation of piling prepared by sawing off the tops to a uniform height

and cunsolidatiug the same by a stone or cement filling. After the masonry
has been built to the desired height the side walls of the caisson are de-

tached from the bottom and removed, while the bottom remains as a firm

platform under the masonry. Figure i8</, b {pi. 41) exhibits a form of

floating caisson used in the sinking of the foundations of the Victoria

Bridge, over the St. Lawrence at Montreal.

Coffer-dams.—A modification of the method just described consists in

the use of the coffer-dam. This is a strong timber crib open above and

below and covered outside with closely-laid squared planks, the interstices

between being well calked. The structure is strengthened by the inser-

tion of cross-braces, to protect it against crushing by pressure when the

water is pumped out of the interior. The coffer-dam is launched, floated

to its destined position, and sunk to the bottom of the stream by weight-

ing it with stone placed on a temporary platform made for the purpose.

Proper measures must be taken to prevent leakage under the bottom and

through the sides. Leakage under the bottom may be controlled either by

a row of sheet-piling around the walls, projecting some distance above the

bottom, by the introduction of a layer of concrete, or by other expedients;

and leakage through the walls may be controlled by calking defective

joints in the framework. The water is then pumped out of the enclosure,

and the masonry, which is started on the dry concrete bed at the bottom,

is carried up to the required height. Coffer-dams with exterior walls of

wrought iron have been used, as at the Rlarne Bridge at Nogent, the Weser

Bridge at Bremen, etc.

S/ia/l-sinknig.—Another plan consists in gradually sinking to firm bot-

tom shafts of brickwork or masonry resting on a strong curb or ring of

wood or iron having a scarfed or .sharpened lower edge. This is supported

from a suitable scaffold, and is gradually lowered as the masonry is added

until the bottom is reached (pi. ^o, fig. 7). The shaft is further sunk to

solid bottom by undermining from the inside by scoops, sand-pumps, etc.,

and thus the structure, either by the weight of the masonry above, whose

walls are carried up as the shaft descends, or aided by artificial loading,

gradually sinks to a firm bottom. Foundations for bridge piers have been

sunk in this manner. In the case of the Parnitz Bridge at Stettin eacli

pier was erected upon a single shaft of masonry, which was sunk dry, not

by removing the earth from the open top as above described, but b>- using

compressed air, excavating the soil beneath the foot of the curb and remov-

ing it from time to time as the sinking of the shaft progressed. In this
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case the curb consisted of an air-tight chamber of iron, open below, from

beneath which the water was forced ont by compressed air, which dis-

placed it.

Vacittim Process.—The idea of utilizing the pressure of the atmosphere

in sinking foundations originated with Dr. Lawrence H. Potts. The plan

—which is adapted to soft soils only—is called the vacuum process. Dr.

Potts proposed the following method of facilitating the sinking of large

iron cylinders to serve as foundations of bridge piers, etc. He closes the

hollow iron cylinder on top by the use of an air-tight trap-door opening

upward; then, by means of a suction-pump and suitable connections, he

exhausts the air from the inside of the cylinder, the same having previ-

ously been placed in proper position and pumped free from water. Under
these circumstances, in suitable ground (not too compact), the atmospheric

pressure will force the cylinder downward a distance greater or less accord-

ing to the resistance of the bottom, and at the same time the interior will

become filled with soft or semifluid earth forced into it by the atmospheric

pressure transmitted through the water to the soil around the open bottom

of the cylinder. The trap-door is now opened, the contents of the cylinder

are removed, and the same series of operations is repeated until the bottom

of the cylinder reaches a solid stratum. Additional lengths of the cylinder

are bolted on from time to time as may be necessary while the sinking

progresses.

Plemim Process.—In the construction of the IMedway Bridge at Roches-

ter, in 1851, it was the intention to sink the tubular cast-iron piles (7 feet

in diameter) by the use of the vacuum process above described. But, as

old masonry was encountered during the sinking of one of the cylinders, it

became evident that the operation by rarefaction would have to be aban-

doned. Chief-engineer Hughes successfully applied a process that had first

been made use of by the French engineer Triger in 1841 for sinking a

shaft in the middle of the river Loire, and later (1850) in sinking the foun-

dation of the Macon Bridge across the Saone. In the Triger system

—

called, in contradistinction to that above described, the plenum process

—

the air in the interior of the cylinder, instead of being rarefied, is com-

pressed to such an extent as to force out the water, compelling it to escape

beneath its open end into the surrounding water, leaving the interior of

the cylinder diy.

At the top of the cylinder there is provided an air-lock {pi. 41, yfcr. ig)

through which the workmen can descend to the bottom of the chamber
and remove the soil from the foot of the tube by undermining. The soil

thus excavated is loaded into suitable receptacles and hoisted to the air-lock.

The workmen then ascend, leaving the chamber by way of the air-lock,

through which, also, the load of earth is removed. Then the compressed

air is permitted to escape by opening a suitable valve, and the cylinder,

being no longer supported by the upward pressure of the air beneath its

closed top, sinks by its own weight into the cavity or loosened soil pre-

pared about its open bottom, while the water from without enters by the
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same avenue. When equilibrium is restored, the air-compressor is again

started, the water is forced out, and the above-named series of operations

is again repeated. As the cylinder descends, additional sections are bolted

on at the top, the air-lock chambers being removed from the old, and
replaced on the top of the last, section. The general method here described

will be understood from Figure 19 (//. 41). That the cylinder may not

tilt, it is necessarj' to guide it in its descent by a frame of some kind rest-

ing on piles. The depth to which cylinders may be sunk by this process

will be limited by the friction of the walls, and by the danger of working
in a compressed atmosphere, which increases rapidly with the depth.

By this process large cylinders and caissons for bridge piers have been sunk
to a depth of 40 or 50 feet.

Alodificalions of the Plenum Process have been introduced, embodying
impro\'ements in certain details. Figure 20 sliows how by a simple arti-

fice the volume of air to be compressed is substantially diminished and the

same object accomplished as though the whole interior of the cylinder were

subjected to compression. In this plan a working chamber of wrought
iron, provided with a roof or cover of the same material, is placed in the

bottom of the cylinder. The interior of this chamber is placed in com-
munication with the air-lock at the top by means of a metal tube of suffi-

cient size to permit the descent and ascent of the workmen and of the

buckets for removing the excavated material. By this expedient tlie vol-

ume of compressed-air space is greatly reduced, and the annular space

between the communicating tube and the cylinder walls may be filled out

with masonry or concrete as it is found necessary to assist the sinking by

adding to the weight of the structure.

Plenum Process in Caissons.—The pneumatic method of founding sub-

aqueous structures has of late years been successfully applied in the erec-

tion of several great bridges, and a number of instructive modifications

have been introduced to adapt the method most advantageously to prevail-

ing local conditions. One of these modifications worthy of mention is the

plenum process in caissons in which the iron cylinders are enclosed in a

pier of solid masonry starting from the roof of a caisson or rectangular box

of wood or of wrought iron which rests directJ>' on the firm stratum or

rock-bed.

Foundation ofthe Kehl Bridge Piers.—This modification of the plenum

process was first adopted in the construction of the Rhine Bridge at Kehl

{pi. 50,7?^. 9). To found the piers at this place by the well-known expe-

dient of the coffer-dam would have been a very costly and tedious opera-

tion, on account of the necessity of completing the foundations to the

water-line between two floods in the river, the exceedingly rapid current,

and the indefinite depth of the mud, sand, and gravel constituting the bed

of the river. The first proposition, to u.se the Triger-plenum method with

iron cylinders (above described), was also deemed impracticable because of

the time that would necessarily be consumed in removing the great quan-

tity of material, before the needful depth would be reached, through the
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contracted area of an air-lock. To overcome these difficulties, M. Fleur

St. -Denis proposed the following method with caisson:

The caisson was a wrought-iron rectangular box, 23 by 19 feet,

closed at the top. The roof of the caisson was pierced with three cir-

cular openings, from which proceeded three shafts of sheet iron, the cen-

tral one 5 feet and the side ones 3^4 feet in diameter. The two side tubes

were each surmounted at the surface by an air-lock similar in arrangement

and operation to the air-locks pre\-iously described. The arrangement of

the central shaft was different. This was left open at the top and bottom;

its lower end extended slightly below the lower edge of the working cham-

ber of the caisson and dipped beneath the surface of a well into which the

excavated material was dumped. A chain of dredging-buckets, operating

in the central shaft, scooped the deposited material from the well in the

centre, and, lifting it to the water-surface, discharged it outside. From
time to time as the caisson sank these three tubes were so lengthened by

the addition of sections that their tops always extended above water.

The operation was very simple. When the compressed air was forced

into the side tubes and into the working chamber of the caisson with which

they communicated, the water in the chamber was forced out to the level

of its bottom edge; but, as the central shaft extended somewhat below this

level, its open bottom dipped under the level of the water in the centre

well, and, being in communication through the loose soil with tlie water

outside of the caisson, the water rose in this shaft to the level of the river.

The water was prevented from entering the working chamber by the air-

pressure, which was a trifle more than sufficient to counterbalance it. The
water-column in the central shaft formed a means of communication be-

tween the working chamber and the open air, the workmen throwing all

the material which they excavated from the interior into the well in which

the lower end of the shaft was immersed, and from which it was lifted to

the surface and dumped outside by the dredges.

In the case of the Kehl Bridge several such caissons were placed side

by side, so communicating as to form the support for one pier. From the

outer edges of the caissons a wooden casing or box was carried up to and

a little above the water-surface, where it was maintained by successive

additions as the caisson settled. The interior of this casing was kept filled

with beton poured in from time to time. Tliis served not only to form the

body of the pier, but also to give the caisson the necessary increment of

weight to counterbalance the upward force exerted by the compressed air.

When the desired depth was reached, the interior of the caisson and the

interiors of the shafts were likewise filled with bcton, when the foundation

for the pier was complete.

Similar expedients have been adopted in other situations. The piers

of the Paruitz Bridge at Stettin are founded upon cylindrical shafts, in

sinking which, a round, bell-shaped working chamber was employed.

Instead of filling out the interior of the working chamber and shafts witli

beton, a filling of sand may be employed for the same purpose.
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Foundation dfthe East River Bridge Piers.—Another typical work exe-

cuted on the pneumatic system was the founding of the piers for the great

suspension bridge of 1600 feet span over the East River between New York
Cit)- and Brooklyn {pi. 48,7?^. 3). This was accomplished by the plenum
process with caisson, as will appear from the following description, abridged

from Trautwine:

The caisson at the bottom was 168 feet long and 102 feet wide {pL 50,

Jig. 7). To facilitate the work, as well as to serve as a precaution against

accidents, six shafts arranged in pairs were provided. Two of tliese

were water-shafts, 7 by 6}^ feet in dimensions, for removing with buckets

and with hoisting-apparatus the material excavated beneath the caisson;

two were air-shafts, 21 inches in diameter, through which air was forced

from above, to expel the water from the working chamber, so as to allow

the laborers to undermine beneath the caisson; and two were supply-shafts,

42 inches in diameter, for admitting laborers, tools, etc. The supply-

shafts were furnished with air-locks on the principle of that above de-

scribed. The shafts were of quarter-inch boiler-iron. The foot of the

caisson was formed tapering to a sharp edge, the better to facilitate settle-

ment, and the bottom was shod with cast iron. The wood-work of the

interior of the working chamber was made fireproof b\- a lining of sheet-

iron. From the bottom up to 14 feet the cai.sson was built of horizontal

layers of timbers of foot-square section, the layers crossing one another at

right angles, the timbers being strongly bolted together and the joints

made watertight by pitching and calking. It was then launched and

floated to position, and to sink it there were added fifteen courses of tim-

bers, some one foot square laid one foot apart, the inter\-als between them
being filled with concrete. When the caisson was sunk and the water

forced out from the working chamber, the enclosed area of the river-bot-

tom was uniformly excavated, so that the caisson should slowly descend

until it reached a solid substratum. The working chamber as well as the

shafts was then filled with concrete. A coffer-dam was built from the top

of the caisson, and in this the masonry of the great tower was started.

Piers 0/ the Bridge at St. Louis.—A portion of the piers of the great

arch bridge over the Mississippi at St. Louis was built b>- the plenum jiro-

cess with the use of the caisson. In this instance the air-locks were not

placed at the tops of the shafts above the water-surface, but were located

directly over the working chambers, into which they partly projected.

These air-locks were surmounted by shafts open above and communicating

directly with the atmosphere. Trautwine refers to this work as affording an

excellent illustration of the effective use of the sand-pump in raising sand

from cylinders while being sunk in water. By means of a pump-pipe of

2,yi inches area, and with a water-jet under a pressure of one hu.ndred and

fifty pounds to the square inch, twenty cubic yards of sand per hour were

raised 125 feet. In founding this bridge there was attained a depth of no
feet beneath the water-surface {Jig. 10)—a greater depth than elsewhere

had ever been reached by any similar structure.

Vol. v.—19
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The Air-lock.—The arrangement of the air-lock—which has several

times been referred to—is shown in its simplest form in Plate 50 {fig.

11). Its object is to permit those employed in the work to enter and leave

the working chamber, and to allow the excavated material to be lifted out

of the interior, without suffering the compressed air to escape. It is a small

iron chamber securely bolted upon the top of the last section of the cylin-

der. It is provided at the top and bottom with air-tight doors or flaps,

both opening downward, or toward the cylinder. The upper door affords

communication between the air-lock and the outer air; the lower door

forms the means of communication between the air-lock and the interior

of the cylinder or working chamber of the caisson. A valve is placed in

the top 'of the lock, communicating with the outer air, and a similar valve

is placed in the bottom, communicating with the compressed-air workings.

From the illustration it will be understood that the chamber of the air-lock

ma\- be placed in communication either with the outer air or with the com-

pressed air of the working chamber by opening or closing the valves just

described.

Operation ofthe Air-lock.—When a workman wishes to enter from the

outside, he must first open the valve in the top of the air-lock, which per-

mits the compressed air in the air-lock chamber to escape, whereupon the

flap communicating with its interior maybe opened. He thereupon enters

the air-lock, closing the flap behind him, and likewise shutting off the

valve in the top of the lock-chamber. He then opens the valve in the bot-

tom of the lock, establishing communication with the compressed-air cham-

ber. The air escapes from the working chamber into the lock; and when
equilibrium between the two has been established, the door between the

two falls open of itself, and the man may descend to the floor of the work-

ing chamber by the ladder. In leaving the working chamber and ascend-

ing to the outer air, these same manoeuvres are performed in the reverse

order. The same series of operations is required for the raising and low-

ering of the buckets conveying the excavated material from the workings

to the outer air. In the founding of the Kehl Bridge the removal of the

excavated stuff was accomplished by a continuous chain of buckets work-

ing up and down in an open central shaft (see p. 288), and a similar plan

is adopted in most works where the pneumatic method is pursued.

Caisson Disease.—In pneumatic founding the effect of the compressed

air upon the workmen does not appear to be notably injurious, so long as

the compression does not exceed two atmospheres above atmospheric pres-

sure, which is equivalent to a depth of about 68 feet below water-surface

and to a total pressure of forty-five pounds to the square inch, or thirty

pounds above the normal pressure. Beyond this the effects are liable to be

dangerous, and even fatal. The younger Roebling, who finished the East

River Bridge, has suffered seriously from this cause, and the medical pro-

fession has recognized a distinct type of disease, originating from exposure

to compressed air, which is designated as the "caisson di.sease."

Excavating by the Freezing Process.—One of the most original contri-



Foundations.] ENGINEERING. 291

butions to this branch of engineering is the method lately devised by
Poetsch for sinking shafts and making excavations for the foundations of

buildings, bridges, and other structures, and for constructing subaqueous
tunnels, bridge foundations, conduits, etc., and, generally speaking, for

the execution of all kinds of excavation in quicksand and other unstable

and water-bearing strata. The Poetsch system is a radical departure

from all methods previously in vogue, and has the merit of great sim-

plicity. It consists in freezing the material surrounding the space to be
excavated, and in thus converting it temporarily into a solid mass or wall

which permits the excavation to be made and the permanent work to be

executed with the same certaihty as similar work in .solid ground, and
with security against collapse. It dispenses with the pumping plant for

keeping the workings free from water while the excavation is going on,

and with the elaborate methods of holding the water back by compressed

air, as in the several modifications of the plenum process above de-

scribed, which involves the use of caissons, air-locks, and air-compressing

machinery.

Opera/ion of Ike Freezing Process.—The freezing is done bypassing

double pipes (one within the other) at suitable distances apart through the

material to be frozen, and by causing brine—previously chilled in a reser-

voir by a refrigerating-machine—to circulate through these pipes. The
chilled brine passes through the inner pipes and returns through the space

between the inner pipes and outer pipes, the former being open at the ends

and the latter closed. The heat is thus abstracted from the soil surround-

ing the pipes until it is frozen to the desired thickness. The returning

brine flows into a tank, where it is again chilled. In Germany, by this

process, several shafts have been successfully sunk through quicksand and

other troublesome materials, and one in Belgium (at Houssu) has been

sunk to a depth of 224 feet, all below a depth of 30 feet from the surface

being quicksand which had defied every effort to accomplish the result by

other methods. Figures i, 2 {pi. 50) exhibit, respectively, the application

of the Poet.sch system to shaft excavation, and to the construction of a

pneumatic caisson for the foundation of a bridge pier.

Fascines.—In other case«, where the nature of the soil is unstable or

yielding to a considerable depth (as in the case of soft mud, bog, or quick-

sand .bottom), numerous layers of fascines, or bundles of stout twigs and

small branches, sunk by weighting with earth, .stones, etc., are often

deposited over a considerable space beyond that to be occupied by the

base of the structure. The interlocking parts of these fibrous masses

ser\-e as an excellent means for distributing the pressure over a great area

when the weight of the intended structure comes upon it. The\- not only

fulfil a useful purpose in the construction of railway embankments o\-er

treacherous ground, but have also been applied with the best results to

subaqueous foundation-work for bridge piers, jetties, etc. An example

of this expedient applied to bridge engineering is afforded by the great

suspension bridge of Kieff, in Russia (1852), with spans of 440 feet, of



292 CONSTRUCTIVE ARTS. [Hydraulic Wokks.

which the piers and abutments were founded in this manner on a shifting

quicksand. "There the fascine mattresses extend loo feet beyond the

bases of the masonry which rests upon them." This expedient proved

of o-reat value in the work of impro\-ing the channel of the South Pass

of the Mississippi River by the system of jetties successfully built by the

late Captain James B. Eads (//. 55, figs. 2, 3).

South Pass Jetties.—The bed of the Mississippi at the South Pass

afforded an exceedingly unstable foundation of soft sediment, into which

any work of stone would speedily sink and disappear; so that the task

of devising a method of securely and permanently founding the masonry

of these extensive lines of jetties was made extremely difficult. These

jetties are simply dykes or levees under water, intended to act as artificial

banks to the river to confine its waters within a narrow channel, so that

the increased velocity of flow shall cause the stream to scour out for itself

a channel of a required depth. It was found that piles alone or crib-work

would not answer, as they were quickly undermined and washed away by

the scour of the current. The plan which proved successful consisted in

driving piles along the inside of the line for the intended artificial banks.

Then great mattresses of willow-brush were made and securely joined

together by cross-ties and pins. These were towed into position adjoining

the piles and fastened to them. If placed in this manner at night, by the

next morning it was found that the deposit of sediment from the current

had so filled the interstices as to cause the mattresses to sink to the river-

bottom. Each of these mattresses was not only fastened to others adjacent

to it and to the piles, but was also anchored in place by a layer of stone.

It was found that by the continued deposit of sediment in and about them

they had become more solid than the natural bank. They thus serve to

protect the row of piles from the current, and these, in turn, aid in hold-

ing the mattresses in place. Upon this foundation the solid stone paving

of the jetties was subsequently built. This work will be more fully

described in the next section.

2. River Engineering.

Source of Water-supply.—To the atmospheric precipitation of moisture

in the form of rain, snow, or hail are due the existence and maintenance of

the supplies of water upon the land. The larger portion of the precipi]:ated

moisture remains upon the surface, and, collecting into watercourses, con-

stitutes the rivulets, brooks, larger streams, and rivers of tljeir respective

drainage-areas; a smaller portion sinks into the soil, and, penetrating into

the crevices and cavities of the rock-strata, forms the subterranean streams,

which reappear on the surface in the form of springs. The watercourses

find their way ultimately to the oceans, and the series of changes here de-

scribed repeats itself endlessly. The explanation of these operations lies

in the fact that the air at a certain temperature is capable of taking up and

retaining only a certain quantity of aqueous vapor. If a body of air charged

to saturation with moisture be cooled, it will part with a portion of its
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vapor, which will mnke its appearance as masses of clouds, and under cer-

tain conditions will be condensed and fall upon the earth as rain, snow, or
hail. In thickly-wooded districts, where the air is always cooler than over
stretches of bare ground, the passage of a body of warm air is commonly
attended with the precipitation of a part of its moisture. This explains
why in such regions the rainfall is abundant and more uniformly distributed

throughout the year.

Rainfall.—It is of much practical value in the study of the hydraulics

of rivers to know the amount of the atmospheric precipitation in a given
period of time—say in a year. This factor is determined with close approxi-
mation to accuracy by the udometer, or rain-gauge. The quantitv of rain-

fall varies greatly, certain regions of the earth being almost rainless, while
others receive enormous quantities. For any given locality, however, the

annual rainfall is ver>' constant. The amount of the annual evaporation

of a given locality is measured with the atmometer. Of the total rain-

fall, it is estimated that about one-third sinks into the ground; the rest

runs off from the impervious or thoroughly-saturated surface, and, seeking
the lowest situations, collects in pools or lakes, or, feeding the watercourses,

finds its way to the sea through the channels of the brooks, creeks, and
rivers. Of the third that finds its way through an infinite number of ave-

nues beneath the surface, a portion reappears in the form of springs gush-
ing from the rocks, while another portion sinks until it reaches an imper-

vious stratum, where it collects to form ground-water, which may rise to

a considerable height by continued accumulation, and, overflowing, may
contribute to the supply of the superficial watercourses.

Rivers and their Drainage-areas.—The brooks, creeks, and lesser

streams by their union form the rivers, and these by their union in turn

form the great river-systems. That portion of the earth's surface which
contributes its rainfall to a river or river-system is termed its drainage-area or

"catchment-basin. " The elevated ground or ridge forming the boundaries

between adjacent drainage-areas istermed the watershed, or " divide." From
the area of a given drainage district and the quantity of its annual rainfall the

volume of water received and discharged by the river may be determined

with close approximation to accuracy. The Amazon and its tributaries

drain an area of 2,000,000 square miles; the Mississippi system drains an
area of 1,200,000 square miles, the Danube 269, 187 square miles, the Rhine
65,280 square miles, etc. A convenient distinction is made between the

upper course, the middle course, and the lower course of a river; the first

has the greatest fall, and the last the least fall. The Elbe, for example,

has an average fall in Bohemia of i in 2670; in Saxony, of i in 3760; and

at Hamburg, i in 14,400 to i in 28,800 at ebb and flood tides respectively.

Tlie Rizcr Defined.—The river-bed is the channel in which the water

is confined and through which it is carried off"; and, in respect of the bed,

we may distinguish the bottom, the more or less precipitous sides, and the

upper border of the latter—the water's edge. The land lying adjacent to

the river-bed is called the "shore," and that area which is liable to be inun-
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dated in times of freshet is designated the territory of overflow. By the

term " banks" is to be understood the limit of an area approximately par-

allel with the bed and cut out by the stream. The area contained between

the foot of the banks and the water's edge is called the "beach;" and if

this is of considerable extent, it is called the bottom-land or "lowlands."

Modification ofRiver Channels: Erosion and Undermining.—The bed

of the stream is subject to constant and manifold alterations by the action

of the water flowing over it. The yielding materials of the bed and of the

banks are washed away, and the more resisting materials—even the hard-

est rocks—are ground away by abrasion or dissolved, so that ravines and

gorges are formed, some of these so colossal as to rank among the greatest

of natural wonders (the great Cafion of the Colorado River, the great gorge

of the Niagara River from the Falls to Queenstown, etc.). The concave

portions of the river-bank are most deeply indented by the washing and

undermining action of the current, while the convex portions assume more

and more the characteristics of peninsulas. Then comes a flood, in which

the river breaks through the projecting arm, creating for itself a new and

shorter channel, and in time the abandoned channel, filling up with silt

and debris., becomes dry land.

Tratisportation and Deposition of Materials.—The action of the water

vipon the river-bottom is such that in times of flood the coarser materials

are carried farther down stream, where, with the diminishing velocity of

the current, they are gradually deposited. The coarser and heavier mate-

rials (cobbles, pebbles, etc.) settle first, next the gravel and sand, and fin-

ally the fine mud or silt. A velocity of 3 inches per second at the bottom

will be sufficient to tear up fine clay; 6 inches per second, fine sand; 12

inches per second, fine gravel; and 3 feet per second, stones of the size of

an egg. The more rapid the current of a river, therefore, the coarser will

be the composition of the materials forming the bottom of its bed. The
extremely fine mud is held in suspension until the river reaches the end of

its course—in a gulf or the sea—where it is deposited. One of the conse-

quences of this deposition of sediment is the gradual elevation of the river-

bed and the formation of shoals, especially in those portions where the bed

becomes widened and the velocity of its current correspondingly lessened.

Deltas.—The formation of deltas at the mouths of many of the great

rivers of the world is due to the cause's above indicated. The river,

charged with its load of fine sediment, reaching the comparatively still

waters of an inland sea or gulf, has its velocity checked, and the sediment,

sinking to the bottom and gradually piling up, continually extends the

river into the sea. The deltas at the mouths of the Mississippi, the Nile,

and the Po affbrd typical illustrations of these facts, and of the gradual

encroachment of the rivers upon the domain of the sea.

Surface-levels and Velocity of Current.—In respect of its surface-level,

three conditions of a river are conveniently distinguished—namely, high-

water level, mean or normal level, and low-water level. The latter occurs

usually in winter and in midsummer. High water may be anticipated toward
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the close of the winter and during the early spring, following upon the

melting of the winter's snow. The extreme differences of level vary in

different rivers: thus the Ganges, the great river of India, flows at the rate

of 55,000 cubic feet per second during the dry months and 500,000 cubic

feet during the four rainy months; the Rhine at Kehl flows at the rate of

13,414 cubic feet per second at low water and 165,380 cubic feet at high
water; the Elbe at Dresden, 2500 cubic feet at low water and 141,000 at

high water. The ratios in these cases, it will be observed, vary from i in

9 to I in 56. Large lakes exert a pronounced regulating influence upon
the water-level of streams of which they are the feeders, as witness the

influence of the Lake of Constance in the regulation of the upper Rhine.

Floating ice may give rise to ice-jams, and, in extreme cases, to ice-gorges,

where the ice-masses completely choke up the river-bed, in which case the

water may be backed up to a considerable height.

Rivers Subject to Continual Changes.—The rivers, therefore, when
abandoned to natural conditions, are subject to continual changes. A well-

regulated stream even, if left to itself, may gradually pass beyond its con-

trolling influences through the undermining of its banks and the deposition

of sediment, whereby, on account of the rise of its bottom, the free dis-

charge of its tributaries will be interrupted—a condition which favors

the formation of marshes and swamps. The presence of sharp bends and
of extreme contractions (or narrows) where the free flow of the stream will

be impeded, and where ice may readily effect a lodgment and obstruct the

channel, may cause inundations, which, in addition to the direct damage
they may inflict, frequently cover the overflowed tracts of land with such

quantities of stones, gravel, and sand as to destroy their value for farming

purposes for years. On the other hand, in those sections where the chan-

nel widens considerably, the diminished velocity of the current will pro-

mote the deposition of sediment in the river-bed, and this may lessen the

depth of water to such an extent as seriously to impede, or even to destroy,

its navigability. Again, the natural fall of the stream is frequently so

great as to render it diflficult or impracticable for vessels to make headway
against the current. Too many bends in the channel, likewise, are unde-

sirable in the interests of navigation.

Necessity of Controlling the Streams.—It is the task of the Indraulic

engineer to establish and maintain a regimen of the rivers, on the one

hand, by the construction of defensive works by which their banks shall be

protected against injury or destruction, and, on tl'.e other hand, by the con-

struction of offensive works by which their currents shall be so controlled,

deflected, or concentrated, that the tendency to shoaling, and to other

irregularities which interfere with the free discharge of the water, impede

navigation, and injuriously affect the banks, shall be reduced to a minimum
or altogether eliminated.

Stream Measurements: Charts.—Before the plan for a regimen of the

stream can be formed, the character of the stream must be ascertained, to

which end certain measurements are necessary. First of all, starting with
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a definitive low-water le\el, a plan of the stream must be constructed, and

this must be extended to embrace the territory of overflow. In the inter-

ests of navigation, it is of special importance to determine the trend of the

bottom, or " thalweg "—the line of greatest depth. This is done by mak-

ing a large number of cross-sectional measurements at proper distances

apart, the lowest points of which are then marked upon the plan. The
line joining these points will be the thalweg, or line of deepest channel.

Water-level Ganges.—Further, as no hydraulic work can be under-

taken without proper consideration of the various levels peculiar to the

stream, it is customary (in the case of all streams of any importance) to

place at points convenient for observation gauges to measure the levels of

the water. These are usually graduated from below upward, the gradua-

tions being made with the greatest accuracy and marked very plainly, and

from these observations of the levels of the water are taken daily and duly

recorded in a book kept for the purpose. The zero-point of the gauge is

usually taken somewhat below the lowest water-level.

Profile Measiircvicnts.—The work of obtaining the data for mapping

the longitudinal profile and the numerous cross-profiles of the stream is

also of much importance. To determine the first, a line of stakes is planted,

which follow the windings of the river, and these are chained and levelled.

The slope of the water-surface is determined with great care. For the cross-

profile, measurements of the depth at various points are necessary. These

measurements are made with the measuring-rod, or, in the case of great

depths, with the plumm.et. The cross-sections are referred, both as to

position and as to direction, to the above-named line of stakes.

I'clocity of Fknc: Registering-instruments.—The velocity of flow of a

stream will depend upon the inclination of the surface. In a portion of

the stream where the cross-section for a good distance is tolerably uniform,

the velocity of the current will alwa^'s be uniform and may readil\' be

measured with suitable instruments. For this purpose floats of various

kinds (spheres of wood or of wax, or long rods weighted at one end to keep

them in a vertical position) are placed in the current, and the time required

by them to pass between two previously-fixed cross-sections is noted.

Pitot's tube, which is used for this purpose, is an open tube shaped like

the letter L. This is placed in the water in such a manner that the open

end of the submerged leg is held facing the current, and the velocity of

flow is measured bv the height above the surface to which the water rises

in the vertical leg. The more rapid the flow, the higher will the water

rise in this. The Woltmann tachometer is a wheel-meter which may be

attached to a rod and immersed in the stream to any desired depth. The
rotation of the wheel is communicated by suitably-disposed gearing to an

index, which registers the number of rotations, and fronr this the velocity of

flow may readily be calculated. The registering mechanism may be thrown

in or out of gear by the observer at the surface. When the velocity of flow

at various points and depths of the cross-section has been observed, its

mean value may be obtained by properly averaging these observations, and
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by nuiltiplying the resulting mean value by the area of the cross-section

the volume of water passing through the cross-section in a given time may
be ascertained. The law of the relation between depth and velocity of flow

is not definitely known. Instead of making direct measurements, the mean
velocit)- of flow of a stream may be determined approximately by calcula-

tion when the fall, the mean area of cross-section, and the character of the

bed of the stream are known.

Defensive Works: Fascines.—In the construction of the works required for

the regime of a stream which take the form of embankments, training-walls,

jetties, dams, levees, etc., use is made of stone, sand, and bundles of brush-

wood, called fascines (//. 57, fig. i), the latter being formed of successive

superposed layers of fascine-mattresses sunk at a suitable angle, each layer

being covered with stone, sand, gravel, etc., before the succeeding layer is

sunk upon it. The layers of fascines are first put together floating on the

surface. The weighting of a layer causes it to sink, and in so doing to

turn upon a horizontal axis; and the junction which it forms with the

previous layer is thus made in a manner which prevents the ballast from

sliding off" {fg. 6, right). The definitive slope of the fascine-bed is attained

only after a time. The uniting of the fascines into compact masses is

effected by means of plaiting the same with willow withes attached to

strong stakes passing through the bundles (fgs. 4, 5). To unite a mat-

tress of this description with the river-bank, suitable cuts are made, into

which the ends of the layers come to lie when sunk to place. The project-

ing portions of the mattress which are particularly exposed to the action

of the current are protected with stones. The top is plaited around the

edges, the spaces between being filled in with earth. To consolidate more
firmly the materials, bushes are culti\ated upon the crown of the construc-

tion, whose surface is commonly raised only about a foot above the water-

surface, that the vegetation may thrive; or the surface may be protected by

a pavement. Larger constructions of this nature may be built conveniently

on the shore. These are usually formed of a number of layers of fascines,

which are laid crosswise one upon another, and are secured by stakes and

bound together by means of ropes or withes. These masses are floated to

the desired spot, and sunk by weighting with earth, stone, etc. Figures

2 and 3 e.xliil)it modified forms of these constructions.

Other Methods for Defensive Works.—"!:\\^ above-named defensive

works for the protection of the banks of running streams may vary consid-

erably according to circumstances. The planting of flat sloping sides with

sod or with willows will answer only in the case of very sluggish streams.

Where the slopes are steep, the points below low-water level should be pro-

tected by means of stones or fascine-mattresses. Where there is consider-

able current, recourse may be had to piling loose stone upon a gentle slope,

which may eventually be planted with willows should the stones applied

for the purpose not be heavy and large enough to answer the purpose un-

aided. Where an abundance of large stone is at hand, the lower portion

of the slope, in the case of streams with swift current, maybe protected by
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a deposit of loose stone, and the upper portion with a wall of masonry {pi.

57) fiS- /)• ^'^ ^^ *^^^ concave stretches of the banks that require facings of

this description. Where the requirements of traffic or the value of the

shore, etc., render it necessary to provide a steep slope, either sheet-piling

{figs. 8, 9) or massive quay-walls {fig. 10) are resorted to.

Offoisive Works.—Offensive works for stream regulation are intended

either to "correct" the banks or the bed as quickly' as possible, or to

cause the stream itself gradually to shape its bed or its banks to the

desired form. If, for example, it becomes necessary to contract the bed of

a stream, so that, in consequence of the increased velocity of current, de-

position of sediment at that point shall cease and a certain depth be per-

manently maintained, jetties are built parallel with the course of the

stream, and each is connected at the upper end with the shore by a cross-

dam. The height of such structures must bear a certain relation to the

fall of the stream and to the velocity needed for carrying off the detritus.

These structures will be covered at high water, and the suspended detritus

will be deposited between them and the banks. The process of deposition

will be hastened by the construction of several cross-dams and by planting

the banks. If the dams are built too high, the cross-section of the stream

will be too narrow at high water, and the result will be that the bed at the

affected part will be scoured out too deeply, resulting, in turn, in a lower-

ing of the level in those portions of the stream which lie above. Fig-

ure 13 exhibits a cross-section of a structure of this kind whose forma-

tion is too apparent to require description. The dams are sometimes con-

structed of fascine-mattresses, the side next the channel being covered with

stone.

Various Systems of Offensive Works.—Where it becomes necessary to

deflect the stream from the shore and cause it to deposit material for the

formation of a new bank, jetties of fascines or of masonr}' are built out from

the bank into the stream {fig. 11). These may be inclined up stream or

down stream. The former are the more effective for the purpose, and the

deposit of new material forms more quickly. On the other hand, they are

more dangerous to navigation, since vessels are more liable to come into

collision with their projecting ends. According to the purpose for which

they are designed, the hydraulic structures of this order are distinguished

by various names—thus, training-walls or embankments, designed to pro-

tect the bank; scouring jetties, designed to effect the removal of sand-bars

or other obstructions, or to prevent their formation by reason of the in-

creased velocity of currents which they cause; catch-dykes, such as have

for their object to catch and arrest the sediment and cause it to be deposited

in situations where it is desired to form new land; deflecting jetties, dams,

or weirs, designed to intercept the stream or a part of it and deflect it in

another direction; dividing jetties, often established at the confluence of

two streams to guard against any irregularities that might occur at such

points; finally, dams, which cut off entire branches or close up useless

passes or channels. Constructions of the latter description are confined
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chiefly to streams of magnitude and of great importance as navigable

highways.

Example 0/ an Offensive Work.—Figure 12 (//. 57) gives a view of a

scheme of river-engineering exhibiting the application of the plans above
described. The object sought to be accomplished is to close up the chan-

nel on the left side, and to establish and maintain a navigable channel of

uniform cross-section on the riglit. This is accomplished in the following

manner: The shore is first properly protected by embankments at a, and
the vegetation on the island is rooted up to the line of the contemplated

shore-line. Thereupon, at b, are built the dykes which oppose the dispo-

sition of the stream to deflect its current into the left channel. This chan-

nel is now entirely shut off by the construction of a dam at f, and at the

same time, that navigation may not be hindered, a navigable channel, d, e,

is dredged out through the sand-bank in the right channel. It is obvious

that by these constructions the entire body of the stream will be thrown
into the right channel, with the effect of rapidly carrying away the sand-

bank by scour, owing to the increased velocity of the current. To guard

against the secondary effects of this more rapid flow, the cross-dykes at /,

g-, // will be found necessary. The dotted parallel lines exhibit the new
channel which the works just described will establish and maintain when
their effects have been fully realized.

Soittli Pass Jclty-ivorks.—The Danube in Europe and the Mississippi

in America have been made* the subject of elaborate engineering works
with the object of improving the navigability of these rivers at their

mouths. The jetty-works of the South Pass of the Mississippi River con-

structed by the late Captain James B. Eads are shown in perspective in

Figures 2 and 3 {pi. 55), and a brief description of them will be of interest.

The object of the works was to secure and maintain a channel sufficiently

wide and deep to be navigable by the largest vessels, and this required to

be artificially opened through the great deposits of sediment by which the

entrance to the river from the Gulf of Mexico was obstructed, rendering

na\igation extremely difficult, and, before the execution of the jetties,

impossible, for vessels of considerable draught.

The plan of the work (which was begun in 1874, and practically fin-

ished about five years later) involved the removal of the point wliere the

sediment of the river was originally deposited—namely, in the shallow

water at the entrance of the Pass—farther out into the deeper water of the

Gulf, where the filling up again of the channel would be indefinitely post-

poned. In accomplishing this object, the banks of the Pass were extended

by the erection of artificial walls, within which the waters of the river are

confined. These walls were designed to be carried suflSciently far out

toward the deep waters of the Gulf, and to be so proportioned in width in

relation to the quantity of discharging water as to cause an increased veloc-

ity of current, by whose aid the stream would naturally scour out for itself

a chainicl of the required depth and width. In carrying this design into

effect, two extensive lines of jetties were built along the course of the
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stream at tlie above-named situation, these jetties constituting artificial

banks to the river, intended to confine its waters within a comparatively

narrow channel, and to prevent them from diffusing themselves over a great

area as they enter the sea. (The manner of building these artificial walls

will be found described on page 292.)

The lines of the jetties are 1000 feet apart. The east jett\-, from the

land's end to deep water, in which the jetty-heads are built, is about 12,500

feet in length. It extends in a nearly straight line for a distance of Soo

feet, and then curves to the west, in order to strike most favorably a littoral

current from the east which was ascertained to exist in the Gulf. For the

greater part of its length the east jetty is built on a lateral shoal having an

average depth of about 6 or 7 feet; at the Gulf-end it terminates in 30 feet

of water. The west jetty begins about 4000 feet lower down the river, and

extends parallel to the other throughout its whole length, terminating at

the same place. As collateral improvements executed in conjunction with

the jetties, two auxiliary works were carried into effect. These comprise

the closure of the mouth of one of the principal lateral channels (the Grand

Bavou) and the building of a dyke at the head of the Pass. Tliese had for

their purpose the deflection of a large volume of water into the South Pass,

with the object of causing an increased velocity of current, and conse-

quently a greater scouring action. The effect of these engineering works

has been very favorable.

Straightening Winding Streams.—Where the stream makes one or

several windings or loops, its course may be straightened by cutting the

channels through at the points of the curve lying nearest to each other.

By this expedient a certain amount of land is gained, the necessity of con-

stant repairs to the banks is obviated, and the course of the river is short-

ened. In work of this nature it is not necessary to excavate the new chan-

nel to the full section of the river-bed, but merely to dig a channel of say

one-tenth to one-thirtieth its width, according to the size of the ri\er, and

down to low-water level, leaving to the river itself the task of excavating

its new bed by erosion.

Correction of the Rhine.—An instructive example of the application of

the foregoing principles is afforded by the engineering works by which the

regime of the river Rhine has been established on the Bodensee-Bavarian

border. The final results accomplished by these works—executed between

1819 and 1868—which embrace a correlated system of channel and shore

improvements in connection with eighteen channel-cuts, will appear from

the following brief statement: The river flows either in a straight course

or in gentle curves between parallel banks defended by stone embank-

ments, and with a uniform breadth of 787. 2 feet. The former length of

the river between Lauterberg and Worms, of ninety-three miles, is now
reduced to fifty-four miles. The fall of the river—which in its former ser-

pentine course was verv irregular, so that boats going against the current

required in some places but one horse, and in others five horses, for towage

—

is now rendered quite uniform, the surface slope being 0.4 in 1000 at Lauter-
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berg, decreasing regularly to o.i in 1000 at Worms. The numerous short

cuts have increased the depth of the river-bed 7.38 feet, and considerable

reaches of ground that formerly were always under water are now laid dry
and under cultivation. The benefit accruing from these improvement-
works is further seen in the more rapid draining off of high water, and, as

a consequence of the straightening of the channel, in the diminished fre-

quency of ice-jams.

Removing Rock-obslruclions in A^avigablc U'atcrivavs.—In certain cases

where the free navigation of an important waterway is obstructed by masses
of rock, it may be found expedient to remove them. To attain the de-

sired object, it is obvious that different methods from those described in

previous portions of this section must be resorted to. The operation con-

sists, in general terms, in sinking a shaft from the surface of the rock-mass,

or reef, to the depth it is intended the chaimel shall have, and in driving

galleries in all directions from this shaft until the entire section of the reef

to be removed has been honeycombed. A sufficient number of pillars are

left to serve as a support for the roofof the rock, and in working the e.\ca-

vation the utmost care must be exercised to avoid getting too near the bed
of the river, and also to avoid shattering the roof. The removal of the

rock in the galleries is effected in precisely the same manner—by the use

of rock-drilling machines and explosives—as in tunnelling on land. (See

p. 187.) When the top of the reef lies below the surface of the water, a

coffer-dam must be sunk, to exclude the water.

\Mieu the rock-section to be removed has been honeycombed through-

out its entire extent, holes are drilled in the pillars and in the roof at regu-

lar distances apart; and when this work has been finished, the holes are

charged with explosive material. These charges are connected with one

another by conducting-wires, in order that they may all be exploded simul-

taneously by electrical means from the surface. When the holes are all

properly charged and electrically connected, the water is permitted to enter

the excavation until the entire work is flooded. The mine is then fired by

the closing of an electric circuit, and the resulting explosion, if the work
has been properly executed, shatters the roof and pillars to fragments. If

necessary, the debris may be dredged up, in order to secure the required

depth of channel.

Hallcl ' J Point and Flood Rock Excavations.—The most extensive works

of this description which have ever been undertaken and successfully exe-

cuted were those involved in the removal of the reefs at Hallet's Point and

at Flood Rock, two formidable obstacles to the free navigation of New
York harbor, lying in the narrow channel leading from Long Island Sound
to the East River. The removal of these reefs was undertaken by the

national government, and was successfully accomplished under the direc-

tion of General John Newton of the United States Engineer Corps. Fig-

ure I (//. 55) gives a sectional view of the appearance of the submarine

excavation at Flood Rock.

Conditions for River Navigation.—As a rule, important engineering
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works for the improvement of rivers are undertaken in the interest of navi-

gation. The term "navigable," as applied to a river, is a relative one.

The principal conditions demanded are the following: A width of channel

at least four times as great as that of the vessels intended to ply its section,

and a minimum depth within this channel at least one-third greater than

the draught of these vessels. Furthermore, the channel should have no

very sharp curves; the current-velocity should not be too great; and if

towage from the land is desired, it should be practicable to provide easy

and safe tow-paths on the banks. Where the flow is rapid or irregular

over considerable distances, or where the depth of water would otherwise

be insufficient in dry seasons, the navigation maybe improved by dividing

the stream into sections or reaches, and by building across the stream at

the end of each section a dam by which the water is held back. The in-

creased depth obtained in this manner will be governed by the height of

the structures. The passage of vessels is accomplished by the provision of

side channels controlled by sluice-gates or locks. The constructions of

this class will be more fully treated of under the head of Canals (p. 314).

To pass by unfavorable reaches, it is often found necessary to build an

artificial channel (canal), and to provide locks at suitable intervals to over-

come the fall.

Inla7id Transportation: Steam-towage.—The severe competition to

which inland transportation by water-routes has been subjected by the

introduction and development of railways has originated a number of sub-

stantial improvements in the methods of the former. The invention of

steam-towage was a decided forward step, but its application was limited

principally to streams of notable magnitude and depth, while for the

comparatively shallow streams, especially with those having considerable

current-velocity, its ser\-iceability was restricted. One of the chief reasons

to be assigned in explanation of this is the comparative disadvantage of

applying power by either a paddle-wheel or a screw-propeller to a yielding

medium like water, where the absence of a fixed resistance must be com-
pensated for by increasing the speed of rotation of the motive-power.

Chain-toivage.—These facts gave birth to the idea of causing a tow-

boat provided with suitable motive-power to propel itself, with its load, by
traction upon a stationary chain or cable, the method being analogous in

principle to the action of a locomotive drawing itself and its attached train

by the tractive force exerted upon the rails by the driving-wheels. The
idea has been put in practice with highly-satisfactory results. The steam

tow-boat is connected with the chain by one of the following methods:

Either the chain is caused to make several turns around the circumference of

a drum, or of several of them, placed in the longitudinal axis of the vessel and
set in rotation by the vessel's engine (//. 39, fig. 20), or a "sproket-wheel

"

is employed—a wheel furnished on its periphery with pins spaced to con-

form to the distance apart of the links of the chain, so that the links will

engage with the pins without slipping. With this device it is not neces-

sary that the chain should embrace more than one-half the circumference
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of the wheel. In all cases the rotation of the drum or wheel raises the

chain from the river-bottom at the bow, and as the boat drags itself for-

ward upon it the slack is paid out over the stern, falling again to the bed

of the stream. The steam tow-boats have engines of from fourteen to

thirty horse-power.

Cablc-lowagc: Clip Pulley.—Instead of chains, cables have been intro-

duced for the same purpose. In this case the cable may be made to take

several turns about the circumference of a drum or drums, to prevent slip-

page, or the clip pulley {pi. ^i^fig. 3), which is successfully applied for

haulage and hoisting in mines, may be substituted for the drum. The face

of the clip pulley is set over its entire periphery with a series of movable
jaws of V-shape, each leg of the V being so pivoted that when any weight

is brought into the base of the V it is firmly clutched and held immovably
until by the rotation of the pulley the jaws gripping the cable are one after

another released. For the same tractive power it is possible to use a cable

much lighter than a chain, and it has the advantage, also, of being cheaper.

The irregular jerking movements caused by the winding and unwinding
of the chain upon the drums, likewise, are obviated, and, finally, the cable

is less liable to breakage.

Chain or Cable Towing-boats.—The hulls of these tow-boats (//. 39,

Jig. 20) are built of iron. They are flat-bottomed structures shaped alike

at bow and stern, with a steering apparatus at both ends. At bow and

stern is a projecting arm which is free to swivel in a horizontal plane

through an angle of nearly 90°, and which sers-es as a guide for the chain

or cable. This device ser\-es the useful purpose of allowing the course of

the vessel to be altered, within certain limits, independently of the position

of the chain, so that passing vessels may turn out for one another. This

device likewise assists in the task of keeping the chain in mid-channel. It

is found to have a tendency in curved sections of the channel to work over

toward the convex bank; in consequence of which, after the passage of a

number of tows, it will be found to have become slack. To remedy this,

the towing-vessel is caused to pass alone from time to time without a tow,

and by the forcible aid of its rudder the return of the chain to mid-channel

is accomplished. The chain used for steam-towage on the Elbe is formed

of round iron links having a diameter of .86 inch, and a weight of twenty-

two and a half pounds per running yard.

From the data obtained in practice on the Upper Elbe, it is found that

a chain towing-boat will draw a load of fifty thousand hundredweight

(about twenty-five hundred tons) at the rate of two and a half to three

miles per hour. The chain-boat requires less power than the tug, and con-

sumes, consequently, less fuel. The number of the crew may be reduced,

the towed vessels can dispense entirely with the use of masts and tackle,

and the forwarding of freight is done more rapidly and with greater regu-

larity and certainty as regards time of delivery.

Employment of Toxcagc Systems.—The earliest experiments with steam-

towage date from the year 1820. Chain-towage, in its present perfected
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state, dates, however, from the year 1853, when it was first introduced upon

the river Seine. In Germany the first chain was laid in the Elbe between

Neustadt-AIagdeburg and Buckau. The system has since been greatly

extended on the Elbe, and has been applied to large sections of the Rhine,

the Danube, the Oder, the Brahe, and other German streams. In France

steam-towage has been applied in the Seine and the Rhone, and in numer-

ous canals. In Belgium and Holland it has been extensively introduced,

cables as well as chains being employed both in rivers and in canals. In

other European countries less has been accomplished in this direction. In

America chain- (or cable-) towing as above described does not appear to

have received the attention it deserves. Towing by free self-propelling

steam-tugs of special construction to reduce the danger of the washing

away of the banks is in use upon the Erie Canal.

3. Emb.\nkments and Drains.

Dykes.—To prevent the incursions of the sea as well as of streams,

structures called "dykes" or "embankments" are built. The height to

which sttch works must be carried will depend upon the object they are

designed to serve. D}kes that are to protect the adjacent lands from

inundation by the highest flood-waters of spring must be carried up to a

considerable height, as compared with those intended simply as a protec-

tion against ordinary high waters. The latter are employed to permit the

overflow of the adjacent lands during the season of the spring floods, that

they may be benefited by the deposition of a la)er of the fertilizing river-

mud. By providing the high dykes with suitable irrigating drains and

sluices, through which the water may be delivered when and in such quan-

tity as it may be required, the same object may be accomplished. The
principal embankment may, as occasion requires, be reinforced by others

farther back, which will serve to confine the inundated tract within nar-

rower limits should the main embankment be broken through.

Defects of the System.—While the land adjacent to and outside of the

embankments retains its original level, the level of the beach which is sub-

ject to overflow and the river-bed proper are constantly rising, owing to

the deposition of sediment. As the water-surface must necessarily rise cor-

respondingly, it is evident that the embankments will in time cease to

afford adequate protection. The obvious remedy is to build the embankments
higher, but this is attended with danger of disastrous inundations should

the walls be breached at any point. For some seven hundred miles along

its course the ]\Iississippi River is prevented from overflowing the adjacent

lowlands by a line of embankments called "levees." (See p. 292.) A
large portion of Holland is similarly protected, as is likewise the valley of

the Po. In some cases the elevation of the embankments in consequence

of the constant rise of the river-bed from the deposition of sediment has

been carried to such an extreme that the bottom of the river-bed lies many
feet above the level of the surrounding plain.

Construction ofEmbankments.—The crown of the embankment should
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be at least 2 feet above the highest water-level. The breadth of the crown
should be at least 3 feet; and if it is intended to serve as a roadway, it

should be considerably broader. The inner face (that on the stream-side)

should have a gentle slope, to enable it better to withstand the force of the

current. Ramps are arranged at intervals upon the inner slope, so that

wagons may easily reach the roadway on the crown of the structure.

Stability of Embankments.—To insure the stability of embankments
demands constant vigilance. Should any symptom of weakness appear or

a slight leak be detected, it must receive immediate attention, or a breach

may be made through which the water would rush, destroying a portion

of the embankment and causing a destructive inundation. Such disasters

have occurred repeatedly in various parts of the world where this system of

defensive works is in use. Notable instances are the repeated inundations

of the valley of the river Po, the flooding of the valley of the Theiss, by

which the town of Szegedin and a vast tract of surrounding country have

suffered extensive devastations, and the constanth-recurring inundations

of the' lowlands of the Mississippi Valley, by which thousands of square

miles of cultivated lands and numerous towns and cities are annually sub-

jected to great damage.

Tributary Streams: Drains.—That the embankments built along the

course of a river shall serve effectively their intended purpose of protecting

the adjacent lowlands from inundation, it is manifest that the banks of its

tributary streams must also be similarly guarded as far back from their

points of confluence as the influence of the flood-water of the main stream

is likely to be felt. The banks of small confluents are at times lined with

masonry, and the stream is led into the main one by means of a covered

drain of masonry built through the embankment. To control such outlets

and to prevent the flooding of the land behind the embankment by the high

water of the main stream, they are provided with sluice-gates or self-acting

valves or doors. The flood-waters, as a rule, run off rapidly, so that the

penned-up tributaries, which during this period are liable to overflow their

banks, will soon resume Lheir free discharge through the sluices. To
drain at low water the lowlands adjacent to the stream, the drainage-sluices

mav be pierced through the main embankment, their outlets being pro-

vided with some convenient form of gate or door, so that it ma)- be opened

or closed, as may be found necessary.

4. Dams .'Vnd Sluices.

Uses of Davis.—A dam is a solid bank or barrier built across a stream

to raise the level of the water. Structures of this character are designed

for various purposes; as, for example, where it is desired to utilize the

water for irrigation, or where it is desired to conduct the water through a

side channel in order to apply the greater head thus obtained to the driv-

ing of water-wheels, turbines, etc., or, finally, where it is necessary to rai.se

the surface of the water in rivers in order to obtain a suflficient depth for

navigation. Where dams are erected to obtain a greater depth of channel

Vol. v.—20
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for purposes of navigation, suitable means must be provided for permitting

tlie passage of vessels from one reach to another. For this purpose there

are provided, in suitable side channels, locks, whose construction and ope-

ration are described under Canals. It is manifest that the height of struc-

tures of this kind should be no greater than is just necessary to accomplish

the object of their establishment—not solely on account of the needless

expenditure involved, but principally because the adjacent lands may be

exposed to serious danger in periods of extreme high water.

Classes of Dams.—To this order belong the high masonry structures

that are occasionally built across the narrow gorges of deep valleys to act

as storage-reservoirs for retaining the flood-waters of rivers, which may be

utilized for purposes of irrigation, for the water-supply of towns and cities,

or incidentally to prevent destructive inundations. Again, the structure

may be so low that it will be covered even at low water; it is then called

a "drowned dam." Dams of this kind have a very restricted application

in special cases of river-improvement. The height of the dam commonly

in use lies between extreme high-water level and extreme low-water level.

At low water its top is dry, but as the water-level rises it is overflowed.

The structures of this class—called "overfall dams"—rank among the

most important of those which fall in this category, and of late years their

construction has been substantially improved. Although in providing for

the rapid discharge of the flood-water these modifications are much superior

to the simple overfall dam, they are inferior to the more modern structures

called "movable dams," which may be lowered or removed either in part

or wholly, and so allow the flood-water free exit. (See p. 309.)

Oblique and Curved Dams.—Dams are usually built at right angles to

the shore—a disposition which not only reduces the cost of construction to

a minimum, but also does away with the formation of currents and eddies

by the overflow, which may endanger the bank, as may be observed in the

case of dams built obliquely across the stream on the side toward which

they are inclined. Dams curved up stream are still better in this respect,

as they direct the overflow away from the banks, but they cost more to

build. Where a passage-way for vessels is provided, the dam not infre-

quently is given an irregular form in order to direct the stream away from

the channel and thus render the passage of the vessel easier. At the same

time, it should be observed that the oblique dam, having an increased

length of sill, presents a correspondingly greater surface for discharge, and

consequently that the volume of the overflow for any given height of the

water will be greater. The oblique dam will, therefore, to a certain extent

prevent the damming of the flood-waters.

Masonry Dams.—The fixed or solid dams are constructed of various

materials. Those built of stone are the most permanent, and are therefore

to be preferred. In practice, two profiles for these structures are in vogue:

either they may be given a trapezoidal cross-section when the overflow

falls over them perpendicularh', or they may be given on the discharging

side a gentle curvature sloping down to the river-bed (//. 57, y?^. 14). The
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first-named and simpler construction is adopted where the river-bottom is

rocky and cannot be disturbed by the impact of the falling water. Where
the bottom, however, does not possess the solidity necessary to resist dis-

integration by the overfall water, it must be protected in some manner
along the foot of the dam as far as the action of the falling water is felt

(for example, by a bed of concrete held between sheet-piling, etc.). Where
the dam has a curved profile, the overflow should be conducted as uniformly

as practicable, and without eddies, into the river-bed. To this end the

protected surface below should be made broad enough to insure that the

breaking up of the eddies formed by the mingling of the rapidlv-flowing

water from the dam with the slowly-flowing water of the lower section

shall take place over the protected surface, and thus avoid the washing out

of the ri\er-bottom.

Founding Masonry Dams.—The mode of founding the dam-bodv will

depend on the character of the river-bottom. In Figures 14 and 15 the

dam is founded upon piles, the spaces between the tops of which are filled

in with masonry, forming a solid platform. The utmost care must be be-

stowed upon the finish of the exterior covering of the masonri' of the dam,

for, should a single stone become dislodged, the injury done by the impact

of the water upon the exposed part is generally greatly increased. Abut-

ments, usually of masonry, unite the end of the dam with the banks.

They should be high enough and carried far enough inland to prevent

flood-water from overtopping them or finding its way around their extremi-

ties, as else the structure will be liable to undermining and destruction.

Timber Dams.—In timber dams, the front or face may be either verti-

cal or sloping, as above described. The body of such structures is formed

of one or several walls of sheet-piling built across the stream and supported

by lines of piles. The structure is made watertight by filling in the space

between the walls of sheet-piling with earth or gravel. The whole is then

covered with a platform of planks, which fonns the surface of the dam. In

the rear a backing of gravel, gravelly earth, or stone is disposed sloping

gradually down to the stream-bed. As in the case of the above-described

masonry dams, the ends of the dam must be connected with the shore in

the most substantial manner, to avoid the danger of undermining. In

building works of this kind, either the stream may be temporarily turned

from its course while the work is being carried on or the structure may be

erected in sections, the working ground of each being protected from the

entrance of the water by an enclosing coffer-dam, as in the case of bridge-

pier foundations; or other expedients well known to engineers (see p. 297)

may be resorted to, as the circumstances of each case may indicate.

Timber Dams in the Cni/erl .Sta/es.—The practice in the construction

of timber dams in the United States is suflficiently interesting to warrant

some attention to the subject. The following data are condensed from

Trautwine (//. 56,7?^^. 1-8): "In the United States they (wooden dams)

are usuallv of crib-work, of either rough roimd logs with the bark on, or of

hewn timber—in either case, about a foot through. These timbers are
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merely laid on top of each other, forming in plan a series of rectangles with

sides of about 7 to 12 feet. They are not notched together, but are simply

bolted by one-inch square bolts (often ragged or jagged), about 2 to 2^i feet

long, through two timbers at every intersection. These are not found to

rust or wear seriously, even when exposed to a current Round logs

are flattened where they lie upon each other. Experience shows that firmer

but more expensive connections are unnecessary. The cribs are usually,

but not always, filled with rough stone. In triangular dams, disposed as iu

Figures i to 3 {pi. 56), this stone filling is not so essential as in other forms,

because the weight of the water and of the gravel backing tends to hold

the dam down on its base. Still, even in these, when the lower timbers

are not bolted to a rock-bottom or otherwise secured in place, some stone

may be necessary to prevent the timbers from floating away while the work

is unfinished and the gravel not yet deposited behind it. On rock the low-

est timbers are often bolted to it, to prevent them from floating away dur-

ing construction; and when the water is some feet deep, this requires coffer-

dams. Or the cribs may be built at first only a few feet high, then floated

into place, and sunk by loading them with stone, for the reception of which

a rough platform or flooring will be required in the cribs a little above their

lowest timbers The water may flow through the open crib-work as

the building higher goes on, attention being paid to adding stone enough

to prevent it floating away if a freshet should happen. Or cribs shown in

plan in Figure 4, loaded with stones, may be sunk, leaving one or more

intervals between them for the free escape of the water, and these openings

may bfe finally closed by floating into them closing-cribs like Figure 4;/.

" The workmanship of a dam in deep water can, of course, be much bet-

ter executed in coffer-dams than by merely sinking cribs. The joints can

be made tighter, the stone filling better packed, the sheet-piling more

closely fitted, etc.
'

' When a very uneven rock-bottom in deep water, or the introduction

of sluices in the dam, or any other consideration, makes it expedient to

build dams within coffer-dams, both should be carried on in sections, so as

to leave parts of the channel-way open for the escape of the water. Com-
mencing at one or both shores, the first section of the coffer-dam may reach

say quarter-way or more across the stream. In the section of the dam
itself built within this enclosing coffer-dam, ample sluices should be left for

the water to flow through when we come to build the closijtg section of the

coffer-dam. When the dam has been finished, these sluices may be closed

by drop-timbers (timbers ready prepared for closing an opening through

which water is flowing, and suddenly dropped into place by means of

grooves or guides of some kind for retaining them in position). Before

removing one section of the coffer-dam, the outer end of the enclosed dam
itself must be firmly finished in such a manner as to constitute a part of

the inner end of the next section of coffer-dam In some cases of

shallow water mere mounds of earth may answer for coffer-dams, or rough

stone mounds backed with earth or gravel."
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The illustrations {pi. 56) shown in connection with what has preceded,

according to the same authority, are "sections drawn to a scale of existing

dams in Pennsylvania that have stood successfully the force of hcavv fresh-

ets for a long series of years." Thus, Figure i is a dam on the Scliuyl-

kill Navigation; Figure 2 is a canal-feeder dam on the Juniata; Figure

6 is also on the Schuylkill Navigation; Figure 8 exhibits the form used

on the Monongahela Slack-water Navigation. A usual precaution to pro-

tect the front of the dam against the impact of the overfall water in time

of freshet is an apron of round logs or planks like that shown in Figures 2

and 5. A modification of this is seen in Figure 7, which shows a very

effectual mode of breaking the force of the falling water in the ca.se of a soft

bottom by building the front of the dam in the form of a series of steps,

with an apron extending out for some distance below.

Movable Dams.—As the solid dams fulfil their intended office only

when the stream is at normal or low-water level, and are rather objection-

able than otherwise during periods of high water by reason of the impedi-

ment which they form to the free discharge of the stream—a defect which
even the addition of draw-doors does not fully remedy—movable dams
have been devised. These are structures which, athigh water, may be in

part or wholly lowered. In the former case the dam consists of a submerged
fixed portion and an upper removable part, resting upon it and extend-

ing up to the crest of the dam. In the latter case the entire striicture

admits of being lowered to the river-bed or removed, leaving the channel

unobstructed. The constructions of this order are distinguished from the

above-described sluice-dams (which, strictly speaking, are also movable

dams) in requiring less power and less time for their operation.

Frame- or Nccdlc-dains.—The so-called "frame-" or "needle-dam" {pi.

STiJigs. 16, 17) is a form of the movable dam that has come into general

use. It consists, substantially, of a series of iron frames arranged parallel

with the channel, by which frames the solid barrier constituting the dam
is supported. This barrier is formed of a series of wooden stakes of proper

length standing approximately vertical. At their lower ends they bear

against a sill, and at their upper ends they rest against a horizontal bar,

which, in turn, connects with the iron frames. The frames also support a

foot-bridge, from which the work of raising or lowering the dam is effected.

To lower the dam, the wooden stakes (or "needles," as they are termed)

between two contiguous frames (beginning at the end-frames) are raised

from the foot-bridge; one of the end-frames is then freed by removing the

horizontal bar connecting them; the section of the bridge is taken up and

the frame, which is hinged at the bottom, is lowered on to the apron of the

dam, by means of chains. In the same manner each succeeding frame is

disconnected and lowered to the bottom, until, when the last is reached,

the channel is left free from obstruction. In some cases the needles are not

raised up singly, as above described, but are freed in groups by successively

withdrawing the connecting-bars against which their upper ends rest. By
this means all the needles between two adjoining frames are simultaneously
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freed. The re-erectiou of the structure is accomplished by reversing these

operations.

Modijications of the Needle-dam.—In a modification of the needle-dam,

the barrier closing the space between two adjacent frames is formed by a

wooden* hinged shutter, which is rolled up from the bottom when it becomes

necessary to open the dam. In another, more elaborate, and expensive con-

struction the vertical iron frames are suspended from an overhead girder

which rests on piers of masonry. In this construction the frames are raised

entirely out of the water into a horizontal position when the dam is to be

opened. The apertures between the frames, when lowered, are closed by

means of hinged shutters. In other modifications of the frame-dam, sliding

panels have been employed for the same purpose.

In the system devised by Thenard the upper or movable part of the

dam is formed of gates or shutters which are hinged at the bottom. They

are supported in the vertical position against the force of the current by

means of iron props; and when these are removed, they fall to the bottom.

In this modification it is necessary to provide a second, up-stream gate, to

relieve the main dam from the pressure of the current in order to raise the

latter into position after lowering. A number of modifications of this form

also exist in which the use of up-stream shutters is dispen.sed with. Fig-

ure 9 {pi. 56) exhibits a form of movable frame adopted by the United

States government engineers, and used in the construction of the Ohio

River improvement at Davis Island. In another form the dam is self-

acting, the shutters being attached in such a manner, in a position inclined

to the current, to a horizontal axis upon which they may turn, that they

will be lowered by the weight of the water above them when this reaches

a certain predetermined height for which they have been adjusted.

The Druju-daiii^ which has been introduced in France, is formed of an

upper and a lower iron paddle, so devised as to be capable of a quarter

revolution about a horizontal axis. The upper paddle constitutes the dam,

and by suitably admitting water through sluices into the drum in which

the lower paddle is enclosed, so that it shall act upon the upper or lower

side of the under paddle as may be desired, the upper paddle, forming the

dam, will be raised or lowered accordingly.

Draw-doors or Sluice-gates.—Inasmuch as the discharging capacity of

the stream is materially reduced by the erection of a solid barrier, there

will be a disposition to deposit sediment in the lower part of the reach near

the location of the dam, owing to the reduced velocit}- of the current.

This action, in turn, by raising the bed of the stream, will gradually en-

large the area of the inundated tract behind the dam. To ob\iate these

objectionable features, openings are sometimes provided through a portion

of the dam, reaching to the bottom of the river-bed and furnished with

draw-doors (sluice-gates) or other devices by which they may be closed at

pleasure. These gates or doors are kept closed during periods of low

water, but are raised in flood seasons. The arrangement thus provides for

the more rapid discharge of the water at high-water stages of the stream
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and neutralizes the tendency to the deposition of sediment, with its attend-

ant objectionable features. Such structures are called "draw-door" or

"overfall dams" {pi. ^-J.figs. 14, 15). To provide for the prompt dis-

charge of the water if the rise of the stream is very considerable, it nun-

be necessary to increase the number of these openings until their united

areas approximate to that of the cross-section of the stream {figs. 18, 19).

Operating-mechanism of Draw-doors.—These draw-doors may be so

arranged as to slide vertically in grooved guides formed at the sides of

vertical frames or piles. By closing these doors the water behind the

dam is retained; by partly or entirely raising them the discharge may be
controlled at pleasure. In important structures of this kind the draw-

doors and the frames in which they slide are constructed of iron, and to

reduce the friction—which, in the case of large doors worked against a

strong head of water, is considerable—the doors are .sometimes made to

slide over rollers disposed in the sides of the frames. The frames may be

firmly secured in position by fastening their upper ends to a stout horizon-

tal beam of timber, or by employing some other convenient mode of

bracing. Entirely across the dam extends a foot-bridge, which carries the

appliances by which the doors are raised or lowered. These may vary

greatly. In one form the door is suspended from a horizontal axle or drum,

and is raised and lowered by a lever or crank attached to the same {fig.

18); in other cases the object is accomplished b)- suitablj'-disposed gearing,

etc. Whatever be the method adopted, however, the hoisting-mechanism

must be powerful enough readily to permit the operation of the doors

against the pressure of the highest flood-waters with the force of attendants

on duty. To reduce the power required, as well as to av-oid the use of

complicated mechanism, it is customary, in the case of heavy doors, to

form them of sections, which lie one over the other, and which are raised

or lowered successively {fig. 19). In place of the draw-door, other devices

have been suggested and applied to accomplish the same purpose; these,

however, it will be unnecessary to describe.

Sidc-chan>ich and Locks.—The combination of the overfall dam with

sluices {figs. 14, 15) serves, as above explained, to lessen the damming
back of the water during floods by providing means for its more rapid dis-

charge than by overflow alone, and likewise to render navigation as well as

rafting practicable in streams affected by a ver>' variable water-level. The
dam-openings for the passage of vessels are usually made in the form of

locks (/>/. ^2, fig. 3), which mainly consist of an enclosure forming a side-

channel connecting the upper and lower reaches of the stream; this chan-

nel, which is provided at both ends with gates, is of sufl^cient length to

receive the largest vessel required to be passed. By properly opening and

closing the.se gates the water-level in the lock may be raised to that of the

upper reach or lowered to that of the lower reach. The passage of vessels

from the upper level of the dam to the lower level below it, and z'icc versa,

is thus rendered easy. (See Canals.) As the locks require to be protected

against the entrance of flood-water, it is customary, where it ma\- be found
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necessary', to provide the dam with a number of draw-doors, through wliich

the water may be freely discharged should it rise high enough to tlireaten

the invasion of the lock.

5. Canals.

Navigable canals are artificial water-ways. They are distinguished

from the natural water-ways by having a very slight fall, in consequence

of which the water has only a scarcely-perceptible current; so that boats

require to be propelled by some means in both directions, while in natural

waters they require propulsion only in going up stream. Nevertheless,

navigation bv canals is decidedly more advantageous than by natural

Avater-ways, for tlie reasons that it affords great safety, that the water-level

is practically uniform at all times, and that rope-towage presents great

conveniences. Furthermore, the course of the canals is much less wind-

ing than that of most rivers. Canals follow the elevations and depressions

of the country through which they pass, being divided into a number of

sections, or reaches, placed at different levels, the successive sections being

connected with one another by means of locks. Canals may be built either

to connect two rivers (or other bodies of water), or to afford a passage

around dangerous places in otherwise navigable streams, or to shorten

winding or irregular portions of their courses, or, finally, to confer the

benefits of water-transportation upon regions naturally destitute of naviga-

ble water-ways.

Advantages of Canals.—Compared with transportation b}' roads, canal

transportation presents decided advantages, as will become apparent from

the statement that, while a horse is capable of drawing twenty hundred-

weight over a good road and about two hundred hundredweight on a level

tramway, he can draw fifteen hundred hundredweight upon a broad canal.

Many countries—Holland, for example—owe much of their commercial

and industrial development to the admirable facilities for inland traffic

which their systems of canals afford. Canal traffic, however, has lost much
of its importance since the introduction of the railway, by which the de-

mands of commerce for the rapid and regular despatch of commodities are

more satisfactorily met than by the canals, whose slower operations are

liable to interruption in times of drought, and, in more northerly coun-

tries, by the winter's ice. In many countries, from this latter cause, canals

are available for traffic during only six or eight months of the year. Their

advantages, however, w-ill appear most favorably where they constitute a

series of connected waterways, and their construction is justified where

they effect a notable saving in the time of passage between important

points, or where they are made to connect large waterways and afford an

outlet for the crude agricultural and mineral products of thinly-populated

districts. The development of the railway, however, has reduced the sys-

tem of canal transportation to a subordinate rank, and the day for planning

and constructing large and independent canal systems has passed.

Canal-tozvagc.—On a number of the more important European canals
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the transportation of freight requiring a prompt delivery is done by means
of canal-boats propelled by steam ; but these consume considerable time in

the passage of the locks, and often occasion serious damage to the banks by
the washing action of the waves they cause. In certain situations steam
towing-vessels have been introduced, though with questionable advantage.

A substantial improvement in canal transportation was effected by the

introduction of the system of chain- or cable-towage, which has been suffi-

ciently treated of in what has preceded. (See pp. 302, 303.)

Locating a Canal.—The preliminary work required in locating the line

of a canal is substantially the same as that required in laying out a railway

route. The width of the canal must be sufficient to permit two boats

easily to pass each other, and its depth should be about one foot deeper than

the draught of the heaviest-laden boats it is intended to serve. Where the

canal intercepts the course of a brook which cannot be diverted into an-

other channel, the brook is carried beneath the canal through a culvert of

masonry- or through iron pipes. Deep valleys are crossed by aqueducts,

which are distinguished from viaducts only in that the highway will require

to be imper\-ious to water and to be given a special form adapted to its in-

tended service. Where rising land is met, it is possible that a point may
be reached where it will be found more advantageous to carry the canal

through an underground channel than in a deep open cut. Figure 2 (//.

52) exhibits a canal tunnel of this description. Such expedients, however,

are objectionable, on account of the difficulties of passage, and are there-

fore resorted to only where they cannot be avoided.

Watcr-siipply.—Although there is no flow of water in the channels of

canals, yet, owing partly to evaporation and percolation and partly to leak-

age through the locks and the loss of a certain volume of water at each

passage of a boat, there will be a constant waste that must be replenished

from some source of supply. Canals that are not built along the course of

a river or that do not open into a river at their highest level must receive

a supply from small streams along their course. In case a constant and

sufficient supply cannot be obtained from such sources, it will be necessary

to construct large storage-reservoirs for the purpose. To this end, a deep

and narrow valley or gorge is selected, in which the water is impounded

by building across its course a dam of masonn,' or earth. For conveying

the water from the reservoir to the canal cast-iron pipes are used; these

pass through the body of the dam, and are opened or closed by means of

common gate-valves. To permit the repairing of the pipes, it is necessary

to provide them at the in-take with an additional hinge valve {fig. 6),

which in case of necessity may be clo.sed by suitably operating the lever,

to which a chain is attached for the purpose.

Surplus Water.—For the discharge of surplus water which may enter

the canal during floods, and may overflow the tow-path and cause breaches

in the banks, waste-weirs must be provided. The number and location of

these will be governed by circumstances. They should be located at the

top water-level of the canal, and at suitable intervals along its course where
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dangerous accessions of flood-water may be apprehended. The sjphon sluice

{pi. 52, _/?4''. 7) is a self-acting device which discharges the surplus water

when it reaches a certain height. Another form of self-regulating waste-

weir {/ig. 8) is operated by a float which rests on the surface of the over-

flowing water, and is connected by levers with the draw-door of the weir.

Loss of Water.—A certain quantity of water, corresponding to the vol-

ume required for filling the lock-chamber, is used in effecting the pas.sage

of each vessel through the lock. In dry seasons the amount of water at

command is occasionally insufficient to provide for the needs of canal traf-

fic. Various plans have, therefore, been devised for reducing the large

quantity of water that may be required for locking. Near the locks are

arranged basins which receive the water flowing out of the former when
they are emptied, and return it when they are to be filled. The same ob-

ject is accomplished by building two locks side by side, one serving as the

basin for the other. On the Great Western Canal, connecting the Thames
and the Severn, to overcome a lift of 44.6 feet are employed movable

wooden chambers which can be made to counterbalance one another, and

may thus be raised to the upper level or sunk to the lower, carrying the

vessels with them. (See p. 320.)

Locks {Jig. 3) are side-channels which are separated from the body of

the stream by solid walls and bottom, and whose ends are formed of mov-

able parts (gates) which maybe opened or closed, as maybe required; they

afford a means whereby a vessel may be transferred from a higher to a

lower level, or vice versa, the vessel being floated into the chamber of the

lock, where it remains while the water therein is either raised or lowered.

Locks are usually built of sufficient size for a single boat only, but are

occasionally built large enough to accommodate several at a time (double

locks). In this case, that the boat entering the lock first riiay also pass

out first, the ends of the structure are not placed opposite to each Other,

but at a suitable angle.

The floor of the tail-end of the lock (tail-bay) is on a level with the bot-

tom of the lock-chamber, the two together forming the lower floor, while

that at the head lies as much higher as the fall of the lock, and is called

the upper floor, or head-bay. The difference in elevation between the bot-

tom of the lock and the top of the head-bay is called the " lift. " The bottom

between the two portions is steeply inclined. At each end of the lock is

the gate-chamber—that is, the space within which the two wings of the

gate move in opening and closing. On each side of this chamber suitable

recesses are provided for the reception of the leaves of the gate, so that when
opened they may lie flush with the side (wing) walls of the lock. That
portion of the recess just named in which the gate-post (quoin) turns is

called the "hollow quoin." When closed, the gates rest against a bottom

sill, and are pressed by the water of the upper level so firmly against the

sill, the hollow quoins, and each other that the lock is thus rendered prac-

tically water-tight.

Sluices.—To admit the water above into the lock, and thus raise the
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vessel or vessels in tlieni to the upper level, or to let out the water from
the filled-up lock, and thus sink the vessel to the lower level of the canal,

either sluices formed in the gates are used (//. ^2, fig. 3) or the water is

admitted through suitable channels provided in the side wall of the lock,

the opening or closing of said channels being controlled by a valve.

Flood-gates.—The tail-end of the lock, which connects a navigable
canal with the stream, must obviously be so arranged as to protect the
lock-chamber from the entrance of the highest flood-water. This portion

of the lock is therefore provided with a supplementary set of gates, called

''flood-gates," that open out toward the stream. In the case of tide-locks

at the entrance of ship-canals, it is customary to provide the upper gates

with additional sections, one above the other, so that the height of the

upper gates, when necessity requires, may be raised sufficiently to protect

the lock against an unusual high tide.

Coiisinictioii ofLock-chamber.—The lock-chamber comprises two parts

—the walls and the bottom. They are built either of stone or of timber;

more rarely, of cast iron. Timber walls for this purpose are subject to

leakage, and require frequent repairs. Masonry walls are best made of

hewn stone laid in hydraulic cement. The bottom is formed generally of

a stout timber platform extending out beyond the walls. This foundation

is usually a grillage (//. ^o, fig. 6)—that is, several courses of stout timbers

laid crosswise and securely bolted or tree-nailed to the tops of a set of

wooden piles sawed ofiF to a uniform height. Upon the upper course of

this grillage a close platform of timber is bolted, and the joints are calked

as additional security against leakage. It is customary to excavate the soil

around the piles to the depth of several feet, and to fill this space up to the

level of the under surface of the platform with well-rammed gravel, stone

spawls, etc. The bottom is sometimes constructed of masonry, and in

situations where an upward pressure is to be feared it is built with re\erse

arches—that is, arches having their concave faces directed upward.

Construction of Head-hay Walls.—The walls and bottom of the heads

of the lock are formed either of timber or of stone. As these parts are re-

quired to resist the pressure of the upper-level water, special care must be

taken to secure solidity and to prevent leakage through the sides or the

bottom, by which the surrounding earth would be washed away, thus en-

dangering the structure. To accomplish this, the walls are defended by

sheet-piling {pi. 4,\,fig. 17), by which they are enclosed, and which is car-

ried below the bottom ; the greatest care is bestowed upon the construc-

tion. Locks have also been built entirely of concrete (for example, the

lock at the embouchure of the Franz-Joseph Canal into the Danube).

Some of the locks on the Ellesmere Canal near Beeston Castle, England,

have their walls and floors of cast-iron plates.

Cotistruclion of Lock-gates.—The construction of timber lock-gates is

shown on Plate 52 {fig. 3). For the attachment of the leaves of the gates,

the lower end of the turn-post is furnished witli a pin that is let into and

turns upon a socket provided for the purpose, while the upper part of the
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post is lield by an iron collar finnly anchored into the masonry. It is

found preferable to form the socket in the lower end of the turn-post and

to attach the pin to the bottom of the chamber, for with this arrangement

sand is not likely to work its way into the socket. The gates, that they

may not sag, are strongly braced, as shown in the Figure. To lessen their

weight, large gates are furnished on their lower face with rollers or are

made hollow. Of late, cast- and wronght-iron gates have been introduced

with much success.

To prevent the entrance of water to the lock-chamber while the gates

are being repaired, grooves are provided in the so-called "head-bays"

and "tail-bays" for the insertion of watertight bulkheads of beams before

and behind the gates respectively. In the case of small and comparatively

narrow locks, the gates may be made of a single piece.

Operation of Locks.—The operation of locking a vessel is substantially

as follows: If a vessel is going up stream, the lower gates are opened, the

vessel passes into the lock, the lower gates are then closed, and the water

from the upper level is admitted to the lock through the sluices in the

upper gates or through the side-channels above described until the water-

level in the lock is the same as that of the upper level. The upper gates

are then opened, and the vessel passes out. When the vessel is passing

down stream, these operations are reversed. The depth of the lock will

vary from 6 to 25 feet, according to the nature of the canal and the kind of

traffic for which it is designed.

The Sues Canal is thus far the most important ever completed. The
canalization of the Isthmus of Suez had been attempted as early as the

fourteenth century B. c, though it appears that the plan then was to form

a connecting waterway between the Red Sea and the Nile. This project

was afterward successfully carried out, and the canal in question is known
to have been in existence until about the eighth century of the Christian

era. The first Napoleon projected the connecting of the Mediterranean

and the Red Sea, but, having been misled by defective 'preliminary sur-

veys, he abandoned the enterprise. To De Lesseps is due the honor of

having revived the project, and of having successfully completed the most

important engineering work of modern times—not, perhaps, so much in

respect of the difficulties to be surmounted, which were not of a ver}' for-

midable character, as in respect of the results that have followed the open-

ing of the new highway.

The whole length of the navigation is eighty-eight geographical miles,

of which sixt3'-six miles are actual canal made by cuttings, fourteen miles

are made by dredging through lakes, and eight miles are formed of natural

waterway. The width of the canal channel at the bottom is 72 feet, and

the depth 26 feet. At distances of five or six miles apart, passage-places

are provided where vessels may remain over-night or turn out to permit

others to pass. At the time of this writing it is contemplated to furnish

the entire length of the canal with electric lights, so that the channel may
be navigated with safety at night. It is only through the rise and fall of
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the tide—amounting to about 10 feet in the Red Sea—that any current

between the two seas is observed, high water in the Red Sea causing a

perceptible ebb and flow, which is felt as far as the Great Bitter Lake.
The canal is open to vessels of all nations the draught of which does not

exceed 24 feet. Steamers use their own engines in making the passage,

but sailing-vessels of over fifty tons burden are required to employ a tug-

boat. The traffic passing through the canal may be said to be practically

confined to steam-vessels. The cost of the canal is estimated to have been
one hundred million dollars, which includes the outlay for terminal sta-

tions at Port Said, with two breakwaters on the Mediterranean, and at

Suez, the Red Sea entrance, which is provided with a breakwater, dry-

dock, and other improvements. The work required the excavation of

about eighty million cubic yards of material. Figure 5 {pi. 52) shows one

of the dredges used in the work. The actual operations on the canal were

begun in the latter part of the year i860, and the canal was opened for

traffic November 17, 1869.

Tlic New Amsterdam Ship-canal is an important work lately completed

in the interests of the port of Amsterdam. It is sixteen and a half miles

long, 23 feet deep, and 89 feet wide at the bottom, and is constructed in

nearly a straight line from Amsterdam through Lake Y and Wyker Meer
to the North Sea.

The Norlh Holland Canal, built 1819-1825, was, until the completion

of that just mentioned, the most important canal in Holland. . It extends

from Amsterdam to the Helder, a distance of fifty miles. It is noteworthy

from the fact that it lies below the sea-level; so that vessels require to be

locked down in passing from the sea into the canal. It is 78 feet wide at

the bottom.

Panama Ship-canal.—Prior to 1875 very thorough surveys of the Amer-

ican isthmus had been made by the engineers of the United States govern-

ment with the view of determining the best route for a ship-canal between

the Atlantic and the Pacific Ocean. A number of promising routes had

been carefully examined, including those known as the San Bias, Panama,

Atrato, Nicaragua, and Tehuantepec. In 1875 a commission of United

States engineers was appointed by President Grant to examine the reports

of these surveys, and to recommend the route which they regarded as the

most expedient. This commission reported in favor of the Nicaragua

route. Some years later, at the instance of De Lesseps, there was convened

at Paris an international congress to which representatives of all the com-

mercial nations were invited. By this congress it was decided that a sea-

level canal was a sine qua non, and that the route from Panama to Colon,

the lowest portion of the isthmus, presented the most feasible situation for

its construction. As the result of this conference, a French company, of

which De Lesseps is the head, was formed for the construction of a sea-

level canal across the isthmus at Panama. This enterprise appears from

indications at the time of this writing to have been undertaken with an

utterly inadequate conception of the magnitude of the work, and has be-
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come involved in serious embarrassment, arising partly from the engineer-

ing difficulties met with and partly from bad management. After the

expenditure of five or six years of labor and of enormous sums of money,

the plan of a sea-level canal has been abandoned, and the work is to be

completed as a canal with locks. The year 1890 was the time fixed for the

completion and opening of the canal, but on account of the failure of the

company this date must be considerably deferred.

Nicaragua Ship-canal.—At this time an American company is about to

begin the construction of a ship-canal across the isthmus at Nicaragua.

This will be a canal with locks, but it is believed that the engineering

difficulties will be comparatively few and easily overcome. It is affirmed

that, as Lake Nicaragua will afford a deep and navigable channel, only

about twenty-eight miles of the route will require to be artificially con-

structed. A plan and a profile of the projected route are shown on Plate

56 {figs, ic^ia).

Corinth Canal.—Another project of much importance at present under

way is the canal across the Isthmus of Corinth. It was begun in 1882 by

a French company under contract with the government of Greece. Hav-

ing a total length of about four miles and joining the Adriatic and the

Black Sea, it will shorten the voyage from the Adriatic to Turkey and Asia

Minor by one hundred and eighty-five miles.

Manchester and Liverpool Ship-canal.—Of much commercial import-

ance will be the ship-canal which is to connect Manchester with Liverpool.

Itwill begin at Easthamon the south bank of the estuary of the Mersey,which

it will follow thirteen and a half miles, and will then pass almost directly

to its terminus in the docks at Salford and Manchester. Its total length

will be thirty-five miles. It will enable ships of the heaviest tonnage to

trade directly with the latter city without the delay of trans-shipment or

breakage of btilk. Great advantages to the textile industries of Manches-

ter are expected from its completion.

The Holstein Canal, which will connect the North Sea with the Baltic,

and which will be of material service to commerce, was begun in 1887.

Mention may also be made of the plan for a canal to join the Caspian

and the Black Sea and of tlie scheme to join the Bay of Biscay by a ship-

canal with the Gulf of Lyons.

Existing European Canals.—Of existing canals, the following enume-
ration embraces some of the more important: The Eider Canal, twenty-five

miles long, between the North Sea and the Baltic; the Ruhr Canal, for

the improvement of the navigation of the river Ruhr, forty-five miles

long, with fourteen locks; the Ludwig Canal, coimecting the Regnitz

(a secondary tributary of the Rhine) and the Altmiihl (a tributary of the

Danube), one hundred and five miles long, with ninety-one locks, and

constituting part of a continuous waterway between the Black Sea

and the German Ocean; the Miihlroser or Frederick-William's Canal,

uniting the Spree and the Oder; the Voorne Canal, in South Hol-

land, which permits the passage of the largest merchantmen directly to
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Rotterdam, despite the shallow mouths of the Maas; the before-mentioned

North Holland Canal between Amsterdam and the harbor of Nienwendiep-
by-the-Helder, fifty miles long; the Leeds and Liverpool Canal, one hun-
dred and twenty miles long; the Trent and Mersey Canal, one hundred
and six miles long; the Oxford Canal, eighty-two miles long, which pro-

vides navigation from Coventry to Oxford, while the Grand Junction Canal

joins this with the Thames; the Canal dn Midi, one hundred and fifty

miles long, which unites the waters of the Garonne with the Mediterra-

nean; the Canal du Centre, from Digoin, on the Loire, to Chalons-sur-

Saone, seventy-five miles long; the Canal de Bourgogne, uniting the

Yonne and the Saone; the Languedoc Canal (1681), between the Bay of

Biscay and the IMediterranean, one hundred and forty-eight miles long,

with one hundred and two locks, fifty-five aqueducts and ninety-two

bridges; and the Rhone-Rhine Canal, over two hundred miles long.

The Canals 0/ the United States, which include many important works

in addition to those mentioned below, have exercised a wonderful influence

on the development of the internal commerce of the country, and, afford-

ing, as they do, the cheapest routes for the transportation of crude materials

that can be shipped in bulk, they exert a wholesome regulating influence

on the cost of transportation by the railroad lines, with which they are

still able to compete. The principal canals in America are the Erie Canal,

in the State of New York, joining the waters of the Great Lakes with the

Hudson, three hundred and sixty-three miles long; the Champlain Canal,

joining Lake Champlain and the Hudson, sixty-six miles long; the \Vel-

land Canal, thirty-five miles long, connecting Lakes Erie and Ontario,

avoiding Niagara Falls; etc. The influence of the Erie Canal in the devel-

opment of the Western States of the Union and in promoting the commer-
cial supremacy of New York City is a matter of history.

Inclined Planes have been successfully adopted in place of locks as a

means of saving water. They were first introduced in 1789 on the Ketling

Canal, in Shropshire, and have been extensively employed in the United

States. On the Morris Canal, connecting the Delaware and, Hudson Riv-

ers, both locks and incline planes are used. The canal has a total length

of one hundred and one miles, the total difference in level being 1557 feet.

Of this, 223 feet were overcome by locks and 1334 feet by inclined planes,

of which twenty-three are employed on this canal, with gradients of about

I in 10 and an average lift of 58 feet. The boats are floated upon a cradle

mounted on wheels and are easily raised up the incline by water-power.

Figure 4 {pi. 52) exhibits the appearance of one of these inclines (with

gradients of i in 24 and i in 12) on the canal connecting the Lake of Drau-

sen at Elbing, in East Prussia, with the Oberland lakes, at Mohrungen and

Ostenrode. When at rest, a carriage is in the upper basin of the canal, and

one in the lower sunk to such a depth that an approaching boat may be

floated upon it and firmly secured thereto by means of chains. The move-

ment of the carriage with its load upon the incline is effected by means of

a wire rope driven by a stationary engine placed at the summit of the in-
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cliue. The carriage conveying the boats runs upon rails, the bed of the

cradle being maintained in a horizontal position by giving the front and back

set of wheels a different diameter, to neutralize the effect of the incline.

By such expedients, heavy canal-boats weighing with their loads from

thirty to fifty tons and over are transferred quickly and safel}- from one

level to another. To avoid the objection that has been made to this mode

of transference that long and heavily-laden boats would be severely

strained when raised out of the water in the manner above described, the

cradle is placed in an iron caisson containing water, in which the boat is

floated, and in this manner transferred.

Hydraulic Elevator for Canals.—For avoiding the use of locks on

canals, Mr. E. Clark, an English engineer, has introduced an ingenious

plan, which is found to be specially serviceable in situations where the

difference in height to be overcome is so considerable that ordinarily a

series of locks would be required. His plan involves the use of a system

of elevators by which the boats are raised and lowered vertically by the

application of the principle of hydrostatic pressure. The first elevator of

this type was built by Clark at Anderton, England, on the Trent and Mer-

sey Canal, and operated so well that it has been adopted elsewhere.

Neiifosse Canal Elevator.—A conspicuous example of this system (//.

51, fig. i) is seen on the Neufosse Canal, which connects the ports of

Calais, Gravelines, and Dunkerque with the system of canals of the North.

The traffic on this canal is enormous (reaching eight hundred thousand

tons per annum), and at a point called Les Fontinettes, about two and one-

half miles from St. Omer, it was necessary to have a series of five locks,

at which boats were often detained for nearly a week waiting their turn to

pass. To avoid this serious inconvenience, the administration decided to

adopt the plan which Clark introduced at Anderton. This was success-

fully accomplished. The apparatus consists essentially of two lock-cham-

bers of plate iron. Each of these rests at its centre on the head of a piston

which works in the cylinder of a hydraulic press placed in the centre of a

well. Communication between the two presses is established or shut off

by a sliding valve. When the valve is open, there is a hydrostatic balance.

If one of the lock-chambers is more heavily loaded than the other, it de-

scends and forces the lighter one to ascend.

In practice, the upper lock-chamber, with its boat, is always more

heavily weighted by the admission of water into it than the chamber and

its boat at the lower level, so that, being overweighted, the upper chamber

must descend with its burden, while the lower one must of necessity as-

cend with its load. In operation, a boat is admitted to each of the cham-

bers, one being at the lower and the other at the upper level, and the gates

of the canal and of the chambers are closed to isolate the chambers. Now
the sliding valve establishing communication between the presses is

opened, and the heavier chamber above, which is always surcharged with

water ballast, commences to descend, forcing the lower one to rise, until

their relative positions have been reversed, when, the transfer having been
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effected, the closing of the sliding valve holds the chambers in position,

and, the gates being opened, the boats may proceed on their respective

journeys. The difference of level overcome by the hydraulic lift at Les
Fontinettes is 43 feet. The lock-chambers are 130 feet long, 19 feet wide,

and 7 feet deep, and they can accommodate boats of three hundred tons

burden, the largest that ply the canals of the North. The weight of one
of these chambers when filled with water is eight hundred tons, so that a

mass of sixteen hundred tons is set in motion at every manccuvre.

Another and more recent example of this system is that erected at La
Louviere on the Canal du Centre in Belgium. This lift is even larger than
that just described. Its height is 50^/ feet; length of the chambers between
the gates, 141 feet 7 inches; width, i8>^ feet; the depth of water, 8>^ feet; the

diameter of the rams, 6 feet 6->4 inches; the weight to be lifted, eleven

hundred tons; and the displacement of the largest boat to be accommo-
dated, four hundred tons. The hydraulic cylinders are each formed of

nine lengths of cast iron hooped continuously with steel. The rams are

63 feet II inches long, and are formed of eight sections of cast iron 7 feet

long and 2.95 inches thick. The lift is operated in the same manner as

that above described.

Ends' s Projected Ship-railway.—It will doubtless be of interest to many
readers to have introduced at this point a brief account of the exceedinglv

bold and original project of the late Captain James B. Eads (the constructor

of the great steel bridge over the Mississippi River at St. Louis, p. 268) for

transporting vessels from ocean to ocean across the American isthmus at

Tehuantepec (/>/. ^i^ figs. 4-7). The project has been thwarted to some

extent by reason of the death of its chief promoter, but it is by no means
improbable that it may one day be realized.

The plans of the Tehuantepec ship-railway are briefly as follows: At each

terminus a basin will be excavated leading to a dock. In this dock will

be placed a pontoon which, like an ordinary lifting dock, will be capable

of raising the vessels. By providing it with longitudinal and trans\-erse

bulkheads, it will be given the requisite strength to bear the enormous

loads it will be called upon to support. It is proposed to make this pontoon

about 450 feet long, 75 feet wide, and from 12 to 15 feet deep. It will be

sunk by opening sluice-gates in its sides, and raised by powerful pumps,

which will withdraw the water from its interior and discharge it into the

surrounding dock or basin. The vertical movements of the pontoon will

be guided by large anchor-rods or weighted cylinders securely anchored in

the foundations of the dock. They will be constructed in such a manner
as to pass freely through the pontoon, but will be separated from its water-

spaces, and the heads of these rods will prevent the pontoon from rising

above a certain level, and will resist the buoyancy when the vessel has been

run off on to the railway.

To lift a vessel from the water without injur)- to itself, and to place it

upon a cradle or carriage for transportation without injury to the carriage,

it is necessary to make careful provision to insure the equal distribution

Vol. v.—21
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of the unequal weight of the vessel, so as to bring no more load upon one

part of the carriage than upon another. This result Captain Eads proposed

to secure by the use of a system of hydraulic presses built into the pon-

toon. There will be a number of these presses arranged in longitudinal

order and all connected with one another by water-pipes, and by their in-

troduction, it is affirmed, the v.'eight of the vessel, when raised from the

water, will be equally distributed over the entire surface of the cradle. The
deck of the pontoon will be furnished with six rails for the carriage which

will transport the vessel (//. 51, y?^. 6). The carriage will be mounted

upon trucks. It will be provided, also, with a keel-block the entire length

of the vessel, hinged in such a manner as to be adjustable to the shape of

the vessel's keel. The supports under the keel-block and the other sup-

ports of the vessel will rest on large steel rods in which a thread will be

cut for an adjusting nut, and the upper ends of these rods under the ves-

sel's bottom will carry on a universal joint a bearing-block having an area

of 12 square feet. These bearings will be adjusted in position against the

vessel's bottom. They will be cushioned with rubber, to form a firm yet

elastic support.

The operation of lifting a vessel will be about as follows: The carriage

will be run from the railway upon the pontoon and locked in position {fig.

4). The water will then be let into the pontoon by the sluice-gates, and it

will go down with the carriage resting upon it until it has reached a suffi-

cient depth to allow the vessel to be floated in over it. The vessel will then

be brought in over the pontoon with the centre of gravity over the centre of

the pontoon, and adjustable guides from the sides of the dock worked by
hydraulic power will bring the vessel into position centrally over the car-

riage. The pontoon pumps will now be set to work, and the pontoon,

with the carriage upon it, will rise up under the vessel, and just previous

to actual contact with it the pressure pumps will be set to work and the

entire system of rams will be forced up against the keel, bottom, bilges,

and sides of the vessel. The pontoon pumps will continue to lift the pon-

toon out of the water with the vessel upon it until the latter has reached

the proper height; the adjusting nuts before described will be run down
on the thread of the supports until they have a firm bearing on the cross-

guides of the carriage. When this has been done, the valves of the rams
will be opened, the rams will recede downward into the pontoon, and the

weight of the vessel will then have been transferred from the rams to the

carriage {fig. 5).

The vessel will now be ready to be transported on the railway. This

will be specially constructed with substantial foundations of road-bed, and

will be furnished with six tracks of ordinary gauge. The rails, which will

be of steel, will be e.xtra heavy (one hundred and twenty pounds to the

yard), and will rest on steel cross-ties extending across all six tracks. The
width of the roadway will be about 50 feet. The wheels of the carriage

trucks will be double-flanged, to lessen the liability to derailment. The
motive-power will be obtained from locomotives of exceptionally great
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tractive power which will impose a weight of at least one hundred tons on
the driving-wheels. These locomotives will be attached directly to the

load, three in front {fig. 7), and three behind, as pushers, if necessary. As
any pronounced deflection from a straight line will be attended with risk,

an ingenious device in the form of a floating turn-table has been proposed,

to permit of the turning out of a vessel to allow another to pass or to per-

mit of a change of direction. To float the vessel free from the carriage in

the waters of the opposite ocean, when it reaches the dock at the other ter-

minus of the line the same series of operations will be gone through with,

but in reverse order.

It should be stated, in conclusion of the description of this ingenious

scheme, that some doubts have been expressed among naval engineers as

to the ability of vessels to withstand uninjured the strain of such treatment

as they would be subjected to in this systein of land transport.

6. Drainage and Irrigation.

The Object ofDrainage '\s to dry swampy or low-lying lands which may
be saturated or wholly covered with water, or which may be subject to

overflow. By this means the ends of agriculture are served by winning

for cultivation the lands reclaimed; and there is also accomplished the no

less important result of improving the sanitary condition of localities by

removing the cause of no.vious exhalations.

Szcainps owe their origin to various circumstances, among which, nat-

urally, insufficient drainage is the principal cause. Wherever the rain-

water, or that flowing in from surrounding localities, or the water of springs,

collects in a basin the floor of which is formed of impenetrable strata, this

accession of water, if not counterbalanced by evaporation, the growth of

vegetation, or efflux, will form either a lake of considerable magnitude or

a mar.sh in which will flourish a rank growth of aquatic vegetation. In

process of time the annual development of the plants and the accumula-

tion of their partially-decomposed remains give origin to the so-called
'

' peat bogs. '

'

Extension ofSwamps.—By the gradual deposition of sediment brought

by streams discharging into ponds or lakes, the latter, in time, may become

almost completely silted up; in such cases the former lake or pond is con-

verted into marsh-land by the rank growth of aquatic and semi-aquatic

vegetation. At the same time, in consequence of the silting up of the out-

let channel, the outflow is restricted, and the damming back of the inflow-

ing water causes it to spread out laterally, thus laying the foundation for

the further extension of the marsh.

Hindrances to Drainage.—Generally speaking, the rise of the river-

bottoms by reason of the gradual deposition of the sediment carried by the

flowing water, and the damming back of the waters thus occasioned, are

the principal causes of the hindrance of the natural drainage of rivers and

creeks, and of the consequent conversion of extensive districts into swamps.

Apart from this, hindrances to drainage are caused when, for example, the
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waters of tributary streams are dammed up by the occurrence of floods in

the main river, or when the mouths of rivers discharging into the sea are

closed by sand-banks or bars thrown up by the action of the waves. The
river must in such cases make a detour around or pass over the obstacle,

its course being consequently lengthened, its fall diminished, and the rapid

efflux of its waters impeded.

Drainage Plans.—In making plans for the drainage of a given locality,

there must first be gathered a thorough and accurate knowledge of the

causes leading to the formation of the swamp or body of water, also of the

nature of the bottom and of the sub-soil, of the annual rainfall, etc. Fur-

thermore, accurate observations of the level of the locality in relation to

that of its surrounding territory must be made, that the amount of avail-

able fall may be determined.

Drainage Works.—The actual operation of drainage consists either in

lowering the level of the water or in elevating the ground. The lowering

of the water-level is the more usual and the simpler plan, and is effected in

various ways, according to circumstances. Should the swamp be caused

by the silting of the bottom of an adjacent river, the attempt will be made

to lower the water-level of the stream by shortening its course or by other

well-known expedients (see River Engineering, p. 298), and drainage-

canals communicating with the stream will be dug, through which the

waters of the swampy or submerged district will be drained into the latter.

To obtain the needful fall, it will frequently be found necessary to give the

drainage-canals considerable length and a circuitous route, and to locate

at some distance down the stream the outlets, which must be provided with

locks, to prevent the entrance of tide-water from the river. The lower-

ing of the level of many lakes in mountainous regions is expeditiously

accomplished by cutting through the rock-barrier which like a nat-

ural dam retains the waters (for example, the Lake of Lugano, in Switz-

erland).

To prevent as much as possible the incursion of water upon the re-

claimed land, as well as to reduce the volume there accumulated, the water-

courses traversing the territory are as far as practicable intercepted and

made to pass around the lowlands by diverting them—often at considerable

expense—into new channels.

Open-drainage Syslcms.—The plan most commonly followed for lower-

ing the water-level of a locality consists in establishing a network of canals

so disposed that the smaller shall open into the larger, these, in turn, into

the creeks and lesser streams, and these into the rivers, thus affording a

connected system of outlet channels. This system can be applied only

where the available fall is sufificient for carrying it into effect. That the

lateral channels opening into it may be given the greatest possible fall,

the main drainage-channel follows the line of the deepest depression in

the marsh. As the size of the drainage-channels will depend on the quan-

tity of water to be drained, they must be cut deep enough to obtain the

required lowering of the water-level over the entire drained area. For a
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meadow the water-level should be about 15 inches below the ground-sur-

face, and for cultivated land about 4 feet.

Covered-drainage Systems.—Instead of the above-described open-drain-

age canals, covered channels or drains are frequently employed. This plan

is especially adapted for clayey soils devoted to agricultural uses, for in

such cases the distance between the canals must necessarily be small, and
open channels, aside from other objections, would involve the loss of much
land valuable for agricultural uses. These covered drains—which are

placed at a suitable depth and have the necessary fall—constitute a series

of hollow spaces in which the soil-water collects and is finally discharged

into ditches with which they communicate. For this purpose it is cus-

toniar\- to use tubes of baked clay a few inches in diameter, made in sec-

tions from I foot to i)< feet in length, which, being laid end to end in

trenches of proper depth and suitable width, are covered with earth. The
ends of these tubes are fitted together with a collar which holds them
snugly enough in place, but still permits the entrance of water by percola-

tion through the joints. As the surrounding soil is more difficult of pene-

tration than the openings about the joints of the tubes, the soil-water col-

lects in these, and is conveyed to the drainage-canal provided for it. The
depth at which this underdraining should be located will de])end upon the

nature of the ground and the kind of cultivation to which it is to be sub-

jected. The depth should not be less than 2 feet. The small drains just

described (suction-drains) communicate with larger ones (collecting-drains);

the former follow the direction of the greatest fall. This should be at least

.04 per cent, for tubes of one inch diameter, and the distance apart should

be from 10 to 40 feet. In place of the above-described tubes of baked clay,

hollow tiles are employed for the same purpose, and likewise canals filled

with small stones; in firm clayey soil simple hollows, left unfilled, have been

used, but no reliance can be placed upon their permanence.

Artificial Drainage.—If the water-surface lies too low to permit of

drainage by utilizing a natural outlet, recourse must be had to appliances

for artificially raising the water. Of these, the most commonly used are

bucket-wheels, Archimedean screws, and especially pumps (centrifugal

pumps, among other.s). The motive-power for operating these machines

is to some extent still furnished by the wind, by water-power, or by ani-

mals. For important works of this nature, however, powerful steam-

engines are employed. One of the most extensive operations of this kind

is the drainage of the Haarlem Lake, in Holland, which covered an area

of seventy-two square miles. To effect this, the meer was first isolated by

constructing about it a strong circular dyke, around which was built a

canal thirty-nine miles in length. This communicated with Lake Y, and

with all the canals which conduct the water of the meer to the North Sea.

Three pumping-engines of four hundred horse-power each raise the water

from the lake, and two others lift the water out of the surrounding canal

into Lake Y, where, on account of the tides, the level of the sea outside is

higher than that of the canal. Nine hundred and forty-six million cubic
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yards of water were pumped out in somewhat more than three years. The
machinery is now required merely to prevent the further accumulation of

water, and is operated during only a few months of the year.

At the present time, it is said, the Dutch government has under con-

sideration the drainage of the Zuyder Zee—a project of even greater mag-

nitude and importance than that of the Haarlem Meer. The preliminary

studies have been carefully made under the direction of the government

engineers, who have pronounced the project to be technically and econom-

ically feasible. The area to be drained, and thus recovered for the pur-

poses of agriculture, embraces nearly four hundred thousand acres, and is

covered with water to an average depth of 13 feet. It is estimated that to

effect this colossal work ninety-four hundred horse-power, divided between

sixty-three steam pumping-engines of one hundred and fifty horse-power

each, will be required. The time for the complete drainage of the area is

placed at twenty-one months, and the cost is estimated at 116,000,000

Dutch guldens ($46,000,000).

Sewerage.—Among drainage works must be included the covered

canals or sewers under the streets of cities. These are intended to carry

off underground and to conduct to the river or the sea the rain-water and

the sewage, which otherwise would have to run off in the open gutters.

There is some difference of opinion among engineers as to the propriety of

using two systems of channels, or of discharging both rain-water and sew-

age through the same channels. The first is known as the "separate"

system; the latter, as the "combined" system. Both have their advo-

cates. In the separate system in operation in the city of Paris, the rain-

water and all the ordinary waste-water of the houses are led into the sew-

ers, but the excreta from four- fifths of the population and the solid portions

from the remaining fifth are excluded, and are removed in closed casks or

retained in cessi^ools, from which they are pumped by odorless excavators.

The municipal engineers of Paris, however, are said to favor complete

•water-carriage, and the changes that are constantly being made have in

view the ultimate adoption of this S3-stem. In Germany opinions of muni-

cipal engineers differ as to whether it is better to remove the excreta by

means of casks (u.'^ually termed "dry removal") or through the sewers

(termed "water-carriage"), and both systems are in vogue.

Lierniir System ofSeiveragc.—In the so-called "Liernur" system the

separate plan is developed to the highest state of perfection. In this, the

excreta and a certain portion of the house waste-water are led into a system

of iron pipes and removed pneumatically by means of an engine at a cen-

tral station. The remaining house-water, together with the rain-water,

is carried off through a separate system of brick sewers.

Each of the plans, as indicated above, has its advocates, and the ques-

tion of deciding between them should be determined by an examination of

the conditions prevailing in each locality.

Coiistruclion of Servers.—The fall of the sewers should be as great as

possible, though the nature of the ground often compels the engineer to
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lay them almost horizontally. That they may be kept constantly free and
as clean as possible, they shoiild be so constructed that they can be entered

and inspected. The bottoms should be smooth, solid, and impervious, and
as far as practicable the entire channel should be provided with smooth
interior surfaces. Figure 20 {pi. 57) is a view of a sewer with an oval

section, showing the mode of connecting the street-gutters. Figure 10

shows a sewer of circular section, over which is placed a subterranean foot-

way; Figure 21 shows a section of one of the main collecting-sewers of

Paris, with lateral footways for convenience of inspection. Of the two
smaller cement-pipes seen at the sides, one is designed for the under-drain-

age of the sandy soil of the city, and the other for the future application of

a system of universal underground drainage of excreta.

The Cleansing ofthe Sewers is effected mainly by flushing, there being
stored for the purpose a large body of water, which at stated intervals is

suddenly let into the sewer, and which washes out the deposited sediment.

This flushing process is sometimes accomplished naturally by the tide

where the mouths of the sewers terminate in waters subject to ebb and flow.

At convenient distances apart, the sewers are provided with man-holes or

entrance-shafts to give admission to those charged with the work of inspect-

ing, repairing, and cleansing them, and in most cases, also, air-shafts are

provided, to insure ventilation.

Colusatage.—The drying of soils by elevation of the ground-surface

may frequently be applicable in situations where the above-described plans

for drainage are found to be inadmissible. This niethod has incidentally

the advantage of permitting the soil to be improved at the same time, so

as to fit it at once for cultivation. There are several wajs in which this

process may be carried on. In one of these the filling material is trans-

ported from other localities by men or by draught-animals, but this method,

being comparatively costh', is confined to surfaces of limited area. In the

other—which is more generally followed, and is applicable to surfaces of

considerable extent—the filling is effected by artificially flooding the low-

land with the silt-laden waters of adjacent streams. By means of embank-
ments and ditches judiciously disposed, the muddy flood-waters of such

streams are conducted to and distributed over the surface upon which it is

desired they shall deposit their solid matter. This process—termed by
Continental engineers "colusatage"—has occasionally been successfully

applied on an extensive scale; as, for example, in the Chiana River Val-

ley, in Central Italy, and the marshes of Grossotto, in Northern Italy.

Irrigation.—In many regions destitute of adequate rainfall, and there-

fore naturally unfitted for agriculture, the deficiency of moisture is made
good by artificial irrigation. In this way in various quarters of the world

vast tracts of land which otherwise would be useless and iniinhabitable

have been made extremely fertile and rendered capable of supporting a

teeming agricultural population. This result is attained either by the

method of flooding or by that of regulated distribution, as the circum-

stances or the situation determines.
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Irrigation bv Flooding is resorted to very freely in hot countries, and

especially in regions adapted for grain-growing, as in Egypt, Southern

France, and Italy, the surface being submerged at the proper season by

releasing the water confined behind suitably-located dams and embank-

ments. The area is kept flooded long enough thoroughly to saturate the

ground to a suitable depth. Meadow-lands are flooded during the winter

season. This method of irrigation has been brought to great perfection in

Lombardy, where the waters of the streams descending from the Alps are

most thoroughly utilized for this purpose. As a typical example of this

system of irrigation, the Cavour Canal should be named (/>/. ^2, Jig. i).

This proceeds from the river Po at Chivasso, near Turin, and is carried

over a large number of aqueducts and conducted through numerous tun-

nels. It has a maximum breadth of 13 feet (at its embouchure) and a

maximum depth of 11 feet. It draws from the Po about 4000 cubic feet of

water per second.

Irrigation by Distribution.—In another system of irrigation the water

is distributed over the surface under cultivation in regulable quantities

as it may be needed from time to time. The supply is usually obtained

from artificial reservoirs formed by damming the waters of mountain-

streams in narrow valleys or gorges, and the impounded water is conducted

through open or covered channels, sometimes over great distances, and by

suitably-disposed channels ramifying from the main conduits is distributed

over an extensive surface. In this manner large tracts of land may be

kept at all times supplied with the moisture necessary to insure their fer-

tility, and with comparatively little waste of water, provided only that the

natural fall is favorable for the purpose. Where this is not the case, it

will be necessar}', wherever it is practicable, properly to grade the surface

to be irrigated. In the disposition of the works of this order, the distrib-

uting-canals are conducted along the summits of the ridges or slopes, the

drainage-ditches being situated at the bases of the slopes, and between

these are placed a number of smaller parallel ditches, which gradually fill

up with water and overflow. The water is permitted to flow a certain

number of days in the year, according to the character of the climate, the

soil, the kind of crops that are cultivated, etc. The overflow water may
be utilized for irrigating lands at a lower level, and this process may be

sevei'al times repeated.

Irrigation Works in the United States.—In the United States irrigation

is practised to some extent in Colorado, New Mexico, and California. In

the arid sections of the south-western portion of this country, the remains

of great artificial channels testify to the former existence of extensi\e irri-

gation works constructed by the race which prior to historic times inhab-

ited the region. It is of interest to note in this place that recently a great

scheme for the irrigation of the arid lands lying between the Rocky Moun-
tains and the Missouri River has been proposed by IMajor Powell, director

of the United States Geological Survey. This region embraces .several

hundred thousand square miles of territory, all of which in their present
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condition are unfit for cultivation. The plan contemplates the construc-

tion of great danus in the caiions of the rivers, at suitable points near their

head-waters. These would be built sufficiently strong to resist the flood-

waters of spring, and behind them would be impounded immense volumes
of water, which by means of aqueducts, canals, etc., could be distributed

over the entire region. All that is needed, apparently, to render these vast

tracts fruitful is the moisture at present lacking, and the scheme presents

splendid possibilities. The director expresses the belief that by the proper
application of his plans not less than one hundred and fifty thousand square

miles of desert-lands could be made productive, thus increasing by one-

third the area of the agricultural lands of the country. It appears possible

at this writing that Congress will appropriate a generous sum of money to

provide for the cost of making the preliminary surveys required to deter-

mine the feasibility of this great project, the actual realization of which
would be a triumph of science as magnificent as it would be beneficent.

Si-u'agc/or Irrigation Purposes.—At the present day not only the nat-

ural watercourses, but also the sewer-waters of cities and towns, are util-

ized for purposes of irrigation. Formerly it was the universal practice to

permit the sewers to discharge their volumes of impure water into the

nearest watercourse, regardless of whether the volume of water in the

stream was large enough to dilute the impurities below the dangerous

point, or whether—as is the case in London, where the backing up of the

sewage by the tide occurred—in consequence of this, the conditions

brought about were most unwholesome and intolerable. In certain locali-

ties in England and France the sewage, for the purpose of utilizing its fer-

tilizing properties, is conducted in separate conduits and distributed o\er

the fields. The most extensive system of this order, however, has lately

been put in operation by the authorities of the city of Berlin, where all the

sewage from the built-up portions of the city is conveyed in the sewers to

pumping stations conveniently located for the purpose, whence the waste

waters are distributed over a considerable area of fields devoted to the pur-

pose in the adjacent country. Other plans involving the precipitation of

the organic matter and its separation by chemical treatment, that it may
be utilized and that at the same time the water maybe purified, are also in

use to a limited extent.

It appears, however, that, while methods similar to the above have

been successfully employed for the disposal of the sewage of towns and

small cities, until the Berlin experiment had been made successful it had

not been found practicable to apply them to the treatment of the enormous

volumes daily discharged through the sewers of the great cities. For the

effectual disposal of the latter in such a manner as completeh' to guard the

health of the inhabitants no plan that is universally applicable has yet

been devised. For cities situated upon or near the sea-coast, the plan of

pumping the sewage into artificial reservoirs placed at a convenient point

in the harbors, from which it is discharged into the sea and carried out at

ebb tide, affords a system as nearly perfect as could be devised; but for
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inland cities, where the sewage must be discharged into the adjacent riv-

ers, the only practical plan seems to be its dilution by frequent periodical

flushings, and its subsequent discharge into the stream at a point so remote

as to reduce to a minimum the danger of its return by the tide. Fortu-

nately, the flowing water in the channels of the rivers very quickly purifies

itself by aeration; and this natural process is so efiacacious that even the

water of the river Thames, charged with the vast volume of sewage con-

stantly discharged into it from the sewers of London, is found to have be-

come sufficiently pure for drinking purposes five miles below the city.

Should the Berlin experiment be found to continue to answer its intended

purpose—which now appears probable—it may teach an important lesson in

the disposal of the sewage of great cities.

7. Water-supply,

a. wells and well-boring.

Cisterns.—To obtain the requisite supplies of water in localities desti-

tute of natural springs or of springs that yield sufficiently, and where the

water of artificial wells is poor in quality, recourse must be had to cisterns.

These watertight covered reservoirs for the storage of rain-water are placed

where they will be convenient of access and protected from heat and frost.

They may be of any desired form and size, and where they are employed

upon a large scale a number may be arranged side by side, in which case

the division-walls between them will serve as abutments to support the

structure. That the walls and bottom of the cistern may be watertight,

they are built of hard-burned bricks laid in good hydraulic cement and

covered on the inside to the depth of from one-half to three-fourths of an

inch with a layer of quick-setting cement. The supply of the cistern will

depend upon the amount of rainfall. (See River Engineering, p. 293.)

Spring-wells.—It often happens that the surface of the ground will ap-

pear to be poorly supplied with water even though water-bearing strata may
be present at comparatively slight depths, for the reason that the so-called

"ground-water" reaches the surface naturally only where the ground-

formation is especially favorable. To utilize this subterranean water for

drinking and household purposes, there is sunk to it a well, whose sides

are properly protected from caving in. The construction of the well as-

sumes the simplest form when it is required to enclose the waters of a flow-

ing spring. The stratum of sand or gravel through which the water flows

is merely excavated so far as to allow of the collection of a body of water

deep enough to be taken out conveniently by baling or otherwise. The
wall's of these spring-wells need to be carried down only far enough to ob-

tain a firm foundation; to prevent the softening of the surrounding soil by
the overflow, a side-channel should be provided to carry off" the surplus.

Pitmp-ivcUs.—Deeper wells are built either by excavating the well-shaft,

lining the interior of the same with timbers, to prevent caving in, and

then raising a cylindrical wall of masonry from below upward upon a tim-
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ber foundation, the hollow space between the wooden shaft-lining and the
masonry being filled in with earth, or by sinking the well if the water-
bearing strata are found near the ground-surface. For this purpose an
excavation is made from the surface down to the level of the water-bearing

stratum, and around the wall of this excavation several stout planks are

placed, one above another, upon which the wall of masonry is built. By
excavating beneath the timber foundation with boring or digging tools or

with the sand-pump, the cylinder of masonrj- is caused slowly to settle

down, the walling being continued upward as fast as the sinking pro-

gresses, until the required depth is reached. When the well is completed,

the pump, puinp-tube, and other appliances are put in place.

Driven Wells.—A driven, or tube, well, consists essentially of a strong

pipe of wrought iron perforated about its lower end with a number of small

holes and terminating below in a sharp point of steel (//. 53, 7?fJ. 1-3).

This tube is driven into the earth with a small pile-driver hammer {/ig. 3)

until a water-bearing stratum is reached. Where the depth exceeds the

length of the tube, a second section is screwed to the top of the first, and
the driving is continued. When the needful supply is found, a small suc-

tion-pump {Jig. 2) is attached to the top of the tube. This mode of obtain-

ing water is very widely practised throughout the agricultural regions of

the United States wherever the nature of the ground will admit. The Eng-
lish army found driven wells very sers'iceable in its Abyssinian campaign.

In Minneapolis, in situations beyond the reach of the city water-service, a

number of such wells, placed about 15 feet from a centre, with their deliv-

ery-pipes joined at the top, are used to obtain a supply of water for extin-

guishing fires.

Artesian JVells are perpendicular perforations or borings through a suc-

cession of strata deep enough to reach subterranean bodies of water whose
sources are higher than the places where the perforations are made, the

water being forced to the surface, and often to a considerable height above

it by hydrostatic pressure. The name "artesian" is derived from Artois

(the ancient Artesium), in France, where the art of sinking these wells is

believed first to have been practised in Europe. But traces of deep borings

discovered in Lombardy, Asia Minor, Egypt, and the Desert of Sahara tes-

tify that the art was known in more ancient times. In China it has been

practised from an unknown period. In the province of On-Tong-Kiao it is

reported that there are artesian wells from 1500 to 1800 feet deep.

Plicnomciwn and Principle.—The phenomenon of artesian wells can be

exhibited only when the underground configuration of the strata is favor-

able, as where they form a basin. The principle of their action is about

as follows: A succession of strata, some permeable and others imperme-

able to water, incline downward so as to form a species of trough or basin

{fig. 13). The rain-water, falling on the exposed edges of these strata

where they outcrop in the more elevated land that forms the rim of the

basin, permeates the pervious layers of sand, gravel, chalk, etc., until it

is arrested in its downward course by an impervious stratum of rock or
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clay. The water thus imprisoned accumulates in the pervious stratum as

in a reservoir; and if a well be bored within the boundaries of the basin,

so as to tap this stratum, the water, by the hydrostatic pressure of the semi-

liquid column acting upon it, will be forced up to, and sometimes even con-

siderably above, the surface of the ground, the height depending upon the

elevation of the rim of the basin above the location of the well. I.,oudoa

and Paris are both situated upon natural basins of this description, and

artesian wells in great numbers have been bored in these cities and the

contiguous country.

Double Artesian Wells.—The term "artesian well," as is apparent

from what has preceded, should be applied only to bored wells in which

the water rises to the surface or to some distance above the surface. It

frequently happens, as in the London basin, where numerous wells have

been bored in the same neighborhood, that those toward the rim of the

basin (//. 53,7?^. 13)—that is, in its higher portion—cease to flow natural-

ly. Furthermore, it often happens that a number of water-bearing strata

will be penetrated before one is reached that will deliver the water from

the surface; or it may be that the boring will require to be continued

through a number of productive strata because the water 3'ielded by them
is insufficient in quantity or objectionable in quality. Occasionally the

supply from two levels is utilized through the same bore-hole by carrying

a smaller tube down inside a larger one and continuing it to a lower strat-

um. A double artesian well of this kind is shown in Figure 8.

Artesian-u-cll Boring: Tools.—The method of boring artesian wells has

been greatly improved in recent years, more especially in the United States,

where vast numbers have been bored in search of petroleum. The modern
practice of artesian-well boring is given in the following description, which

is abridged from Trautwine: Deep vertical perforations in earth and rock

from 6 to 8 inches in diameter, such as are required for artesian wells for

water and oil, and for mining explorations, are drilled by repeatedly lifting

and dropping in the same vertical line a heavy iron bit with a steel cutting-

edge {Jig. 5). To insure roundness of the bore, the bit is partly revolved

horizontally after each blow. The length of the cutting-edge of the bit is

a little greater than the diameter of the bit itself, and consequently the

well-bore is made sufficiently large to prevent the binding of the bit. The
bit is the lowest member of a series of iron and steel bars screwed together

at the ends and called a string of tools {Jigs. 4-7).

The S/ring oj Tools varies in length from 25 to 60 feet, according to

the size and depth of the well-bore and the hardness of the rock; and its

diameter throughout (above the cutting-edge) is an inch or two less than

that of the bore. The weight of the string of tools is from 800 to 4000
pounds. The uppermost member is always a "rope-socket" zcilhout a

swivel {fig. 6), to which the lower end of the supporting rope-cable is

attached. This cable passes up and out to a horizontal lever, which by
means of a horse-power or steam engine is kept constantly moving up
and down with a see-saw motion. The string of tools, with the cutting-
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edge of the bit at its lower end, is thus alternately lifted from 2 to 4 feet

and let fall from thirty to fifty times per minute, and so drills its way into

the rock or earth. A depth of from 4 to 10 feet of water is required in the

well to facilitate the drilling and the removal of the debris. After water

is reached the drilling may be continued even if the bore-hole is full of

water; but a great depth of water diminishes the force of the blows.

A suitable arrangement must be provided for paying out the rope as

the boring-tool descends. A clamp is attached to the cable, and the man in

charge, by turning the clamp, twists the roi:)e, and thus turns the bit hori-

zontally about one-fifth of a. revolution after each stroke until' six or eight

complete revolutions have been made in one direction. He then reverses

the motion, making an equal number of turns in the opposite direction.

Sand-piivip.—After drilling a few feet, the string of tools is lifted out

by means of the cable, to allow of the removal of the debris. This is done

with the sand-pump, which is a sheet-iron cylinder, say 4 inches in

diameter and from 4 to 6 feet long, provided at its foot with a valve open-

ing upward. This pump is lowered to the bottom of the bore and filled

with the mi.xed water and debris by churning it up and down a number of

times. Tlie pump is then lifted out and emptied. The string of tools is

again lowered and the drilling resumed. The debris must be removed
after each 3 or 5 feet of drilling.

Spudding.—The same operations are followed in drilling through the

earth before the rock is reached. This is called "spudding." In this

case the sides of the bore-hole must be protected from caving in. For this

purpose a wrought-iron pipe ^4 of an inch thick and of such a diameter as

to fit the hole closely, is inserted, and is driven down with a heavy oaken

maul as the drilling proceeds. One end of the maul is attached to the

lower end of the cable which during drilling supports the string of tools,

and is repeatedly lifted and dropped upon the head of the tube, which is

protected by a cast-iron " driving-cap." The foot of the tube is shod with

a steel cutting-edge ring. When the tube has been driven as far as it will

readily go, the maul is removed from the end of the rope, the string of tools

substituted, and the drilling resumed inside the pipe. The pipe is put

together in lengths of from 8 to iS feet, and the drilling and pipe-driving

proceed alternately until the rock is reached and the foot of the pipe forced

into it far enough to shut ofif quicksand or surface-water. For overcom-

ing special difficulties there are employed appropriate tools and devices

which need not here be considered.

Decp-'well Boring: Derrick.—For wells from 1000 to 3000 feet deep

there is used a stationary machine with a walking-beam, similar to the

machines employed in the oil-regions of Pennsylvania. A square pyra-

midal derrick is erected, 74 feet high, 20 feet square at the base, and 4 feet

square at the top. The four corner legs, made of stout planks spiked together,

are strongly braced by horizontal and diagonal timbers. The timber

walking-beam is 26 feet long, 12 inches wide, and 26 inches deep at the

middle, and is pivoted to the top of a stout wooden post 12 feet high, called
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the "samsoii-post," which is dovetailed at its foot into the maiii-sill of

the machine.

Motive-Power and Tools.—The motive-power is a fifteen-horse-power

steam-engine, which, by means of a belt and pulley, crank, and pitman

working at one end of the walking-beam, gives to the latter its see-saw

motion. To the other end of the beam, and immediately over the well, is

suspended, by means of a hook, a "temper-screw." This is composed

of two bars of iron (5.8 by 2 inches in diameter and 2 feet long), hung 2

inches apart, fastened together at their top ends, at which point there is an

eye, which is suspended on the walking-beam hook. At the bottom of the

two bars there is a sleeve-nut, and between the two bars and passing

through the nut is a screw 5 feet long, at the bottom of which there is a

head carrying a swivel, a set-screw, and a pair of clamps. These grasp the

cable (2 or 2>^ inches thick) which carries at its lower end the string of

tools. This, for a 2000-foot well, consists of a steel bit 3 or 4 feet long,

weighing from two hundred to four hundred pounds; an auger-stem of

4- or 5-inch round iron from 24 to 30 feet long, weighing from twelve

hundred to twenty-one hundred pounds; steel-lined drill-jars 8 feet long,

weighing from six hundred to seven hundred pounds; a sinker-bar of round

iron, of the same diameter as the auger-stem, 12 feet long and weighing

from six hundred to eleven hundred pounds; and a rope-socket 2>^ feet

long, weighing two hundred pounds. The total length of the string of tools

is from 50 to 60 feet; total weight, three thousand pounds, or, for an 8-

inch bore in the hardest rock, four thousand pounds. The sinker-bar is

added to give additional weight in lowering the string of tools and in

working the drill-jars. The other tools are similar in form to those above

described. (See//, ^l.figs. 4-7.)

The Drilling-cable is wound round a drum called a " bull-wheel shaft,"

at the foot of and inside the derrick. While drilling is going on, the cable

passes from the bull-wheel shaft loosely over the sheave at the top of the

derrick and down to the clamps at the lower end of the temper-screw on

the end of the walking-beam. As the drilling progresses the temper-screw

is turned or fed out by the man in charge, who by means of a clamp twists

the rope so as to change the position of the bit after each stroke.

Removal of Tools.—When the tools have to be lifted out, the cable is

disengaged from the clamps on the temper-screw, and is wound upon the

bull-wheel shaft, which for the purpose is thrown into gear with the steam-

engine, the pitman being at the same time removed from the crank-pin, so

that the walking-beam is at rest. For catching and withdrawing broken

bits or articles accidentally dropped into the drill-hole, for enlarging or

strengthening the bore, etc., ingenious special tools are provided.

It may sometimes be found advantageous not to commence the boring

directly at the surface, but, instead, an open pit or shaft maybe dug of any

convenient depth and with sloping sides (widest at the top), and from the

bottom of this the boring may be started. By this plan tube-sections of

considerable length may be used without the aid of a very high derrick.

I
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T/ic D/a»io>i(/ Dri// is employed to some extent for artesian-well boring.

With this ingenious apparatus the hardest rock may easily be penetrated.

The drilling-tool consists of a metallic stock or holder in the form of a

cylindrical tube, either open at the cutting-end, with angular fragments

of black diamonds embedded in the metal at intervals around the inner

and outer edges of the ring in such a manner that cutting-faces of the

stone shall project (//. 53,7?^. 12), or so closed at its extremity as to present

a convex surface studded around with the fragments of the cutting s\ib-

stance. The tubular form of the drilling-tool affords the special advan-

tage of preserving a perfect record of the various strata through which the

drill has passed, since the "core" {Ji^. 11) which it cuts out of the rocks

may be broken off and lifted with special tools from time to time, and its

parts, being properly placed together, will form a continuous solid cylinder

clearly exhibiting the character and successive order of the strata passed

through.

London Artesian IVclls.—To obtain the pure water-supplies stored in the

underlying chalk-formation at a depth of from 60 to 900 feet, the strata of

the London basin have been penetrated by great numbers of artesian wells.

From these sources the Bank of England, the fountains of Trafalgar

Square, a number of public institutions, and many of the great breweries

of London obtain their supplies. So numerous are the wells in this cir-

cumscribed area, and so great is their drain upon the underground reser-

voirs, that it is not surprising that the general level to which the water for-

merly rose in the London district has within recent years so very sensibly

lowered that from many wells whence it formerly flowed the water now
requires to be raised by pumping.

French Artesian Wells.—In France there are many artesian wells, some

of them of notable size and productiveness. That at Crenelle, near Paris,

commenced in 1834 and finished in 1841, is carried to the depth of 1798 feet

and flows at the rate of six hundred gallons per minute, furnishing a val-

uable source of water-supply to this suburb. The water of this well is

horizontally conveyed to the centre of the Place de Breteuil, Paris, where

the open-work tower of bronzed cast iron, of elegant design (//. 6, fig. 3),

encloses the ascension and distributing pipes. (See p. 63.) The artesian

well at Passy (also near Paris), commenced in 1855, was carried through

the chalk into the lower greensand to the entire depth of 1923 feet, the

bore finishing with the enormous diameter of 2 '3 feet. This is probably

the largest artesian well in the world. It required nearly seven years to

complete the boring. At one time the well yielded 5,582,000 gallons of

water every twenty-four hours, but this fell off to 3,795,000 gallons, at

which rate it has since continued to flow, and feeds the lakes of the Bois de

Boulogne. The well at St. Ouen delivers water from two levels, a smaller

pipe being passed inside the first and carried some distance farther down.

Both of these streams supply the canal-basin at St. Ouen, which lies above

the level of the Seine.

German Artesian Wells.—In Germany the artesian salt-spring at Kis-
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singen, in Bavaria, (1832-1850), is one of the most noteworthy. It reaches

a depth of abont 2000 feet, and ejects a stream of brine, at the rate of six

hundred and fifty gallons per minute, to a height of 58 feet. The piping in

this well is concentric, the water being forced to pass up between the outer

and the middle tube, then down between the middle and the inner one to

the rock-salt stratum, where it saturates itself with salt, and finally up
through the inner tube, from which it is delivered. The pressure in this

well is believed to be caused by carbonic-acid gas. The boring at Si^eren-

berg, near Berlin, was undertaken to obtain a supply of rock-salt. The
well-bore was carried down with a diameter of 16 feet to the depth of 280

feet, at which depth the salt-bed was reached. It was continued with the

same diameter through the salt 6S0 feet farther, then reduced to 13 inches

and driven to the unparalleled depth of 4194 feet without having perforated

the salt-bed.

African Artesian Wells.—In the oases of Sahara, in Africa, there are

evidences of the former existence of many artesian wells, some of which,

recently opened, have a depth of 360 to 480 feet. Since 1858, French en-

gineers have been successfully engaged in the beneficent work of sinking

numerous artesian wells in the sandy plains of the Great Desert. Sup-

plies of water are found in abundance at comparatively small depths, and

in the brief period which has elapsed since these wells were bored the

changes they have wrought have been most surprising, the fertilizing

streams having converted into fruitful tracts many stretches of desert

plains.

American Artesian Udells.—In the United States there are some note-

worthy artesian wells. In St. Louis tlie authorities have carried a boring

at the county buildings to tlie depth of 3235 feet without obtaining water.

In one of the sugar-refineries in the same city is a well 2197 feet in depth,

delivering a body of salty water to the height of 75 feet above the surface.

In Chicago are two wells, respectively 700 and 1000 feet deep, yielding

nearly one million gallons of pure cold water (57° F.) daily, with a head

of 125 feet above the lake-level. At lyouisville, Kentucky, is a very pro-

ductive well which is carried to a depth of over 2000 feet. A well at

Charleston, South Carolina, is 1250 feet deep, and delivers twelve hundred

gallons an liour to the height of 10 feet above the surface. In Philadel-

phia there are several artesian wells, of which one in the Continental

Hotel, with a diameter of 8 inches and a depth of 200 feet, yields fifty

thousand gallons per day.

It may be noticed, in conclusion, that for obtaining water-supplies for

irrigation and other purposes in the arid region of the Western United

States it has been proposed to adopt a plan similar to that practised so

successfully in the Desert of Sahara. Thus far, it has been tried only in

isolated cases, and the results obtained have attracted no special attention.
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B. WATER: ITS PURIFICATION", STORAGE, AND D I ST R I H UTI ON .

Quality of Water.—Respecting the quality of water for town and city

supplies, the following conditions are prerequisite: It should be transpar-

ent, inodorous, cool, and soft; it should contain but little dissolved solid

matter, and should be free from organic substances. Chlorine and nitro-

gen compounds of the alkalies should be tolerated only in e.xtremcly small

quantities, inasmuch as their presence is an almost positive indication of

contamination by organic impurities (sewage). While the wholesomeness

of water for driukiiig purposes may not be materially affected by the pres-

ence of salts of lime and magnesia, it may be rendered thereby quite unsuit-

able for many domestic and industrial uses.

Hard and Soft Water.—Water containing notable quantities of the salts

of the alkaline earths (lime, magnesia) is distinguished as "hard" water;

when these salts are absent, or present only in very minute quantities, the

water is termed "soft." In consequence of the presence of these com-
pounds, hard water, when treated with a solution of .soap, will decompose

it, and there will be formed insoluble lime and magnesia soaps, which are

precipitated. As no soap remains in solution, the water will not form suds

until a quantity of soap has been added in excess of that required to pre-

cipitate all the lime and magnesia present. Consequently, such water is

unsuited for washing. Furthermore, hard water, when evaporated by boil-

ing, has the undesirable property of leaving behind it solid matter in the

form of a residuum which attaches itself to the surfaces of the vessel, form-

ing the deposit known as "kettle-stone," "boiler-scale," etc.

Conversion ofHardinto Soft Water.—Where no other water is available,

it generally becomes necessary to render hard w^ater soft before it is fit to

be u.sed. In cases where the alkaline-earth bases are present in the form

of carbonates, simple boiling will be sufficient. As soon as the carbonic-

acid gas is drivenoff by heat the lime and magnesia carbonates are precip-

itated, and the water is rendered soft. The same object will be accom-

plished by the addition of milk of lime in proper quantity. To determine

how much of the precipitant must be emplo\ed to effect complete precip-

itation without leaving an excess of free lime in the water, the amount of

hardness in each case must be previously ascertained. For convenience,

the relative hardness of water is expressed in degrees, one degree corre-

sponding to one part of lime in one hundred thousand parts of water.

It should be remembered, however, that boiling suffices to render hard

water soft where the hardness is caused by the presence of the alkaline-

earth carbonates. The chloride of calcium and the sulphate of lime, and

the corresponding magnesia salts, remain in solution in the boiled water;

neither will the employment of lime-water serve to precipitate these salts.

To effect the complete separation of lime and magnesia under such condi-

tions, it is necessary to add a suitable quantity of the carbonate of soda,

by which all the lime and magnesia present is precipitated as carbonates,

and an equivalent quantity of the corresponding salts of soda is formed,

Vol. v.—22
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which remains in sohition. The quantity of soda to be added will depend

tipon .the degree of hardness. Water of ten to fifteen degrees of hardness

may still be called soft, and is available for all purposes.

Cojismnption of Water in Cities.—In planning water-works, a careful

estimate of the quantity of water that will be required is of the first import-

ance, for by this the size and capacity of the works will be governed. Sta-

tistics exhibit wide variation in the consumption of water per capita in

various countries, depending, apparently, upon climatic conditions, the

available supply, and the habits of the people. Thus, the daily quantity

per head for the population in Rio Janeiro is two gallons; in Edinburgh,

eleven gallons; in Munich, seventeen and five-tenths gallons; in Paris,

twenty gallons; in London, twenty-one gallons; in New York, one hundred

and twenty-five gallons; in Rome, two hundred and seven gallons; etc. A
daily supply of seventeen and five-tenths gallons per head may therefore be

taken as a fair average. It may be remarked incidentally that the require-

ment is higher during the daytime than at night, and in summer than in

winter. Of the total amount, it may be estimated that forty-three percent,

is used for drinking and domestic service, eighteen per cent, for manufac-

turing purposes, twenty-five per cent, for watering the streets, gardens,

etc., four per cent, for public fountains, and ten per cent, for baths. This

estimate is based on the conditions which obtain in Vienna.

Sources of Water-supply.—The water-supply of small towns is fre-

quently obtained from wells. Owing, however, to constant contamination

of the soil with excrement, and other sources of pollution, especially where

composts are in vogue, in the course of time the water of wells fed by sur-

face-drainage in such situations comes to be little else than diluted sewage,

and, consequently, a prolific source of sickness and death. With the in-

crease and concentration of population, this method of water-supply must
be abandoned.

Spring-water.—Flowing springs, where they may be relied upon for

a constant supply of water, may be hollowed out so as to provide a cham-
ber of considerable area in which the water may accumulate, and from

which it maybe distributed in suitable pipes to the points of consumption.

Where large bodies of water, such as inland lakes, are accessible, they

afford very desirable sources of supply (Glasgow, Chicago). In India

such bodies of v/ater are extensively employed for this purpose.

River-ivatcr : Purification.—The rivers, however, afford the most com-
mon sources of supply, though their water is frequently very turbid and

requires purification before being used. This is accomplished either by
conducting it into large basins, where, after a short period of repose, the

major portion of the suspended sediment subsides, or by some form of fil-

tration, or by a combination of both these methods; or the purification may
be effected by chemical means. Clearing in subsiding-reservoirs is tlie

oldest method. For this purpose, as the water should stand a few days

before drawing off, several sufficiently capacious basins, so contrived as to

permit of periodical cleansing, are necessary. To facilitate this, such sub-
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siding-basins are occasionally built in compartments, from any one of

which the water may be withdrawn.

Filtralion is the more expeditious and effective method of purification,

as it suffices to remove not only the suspended mud and dirt, but also, to

a notable extent, the organic impurities. For this purpose either natural

or artificial filtration may be emploj-ed.

Natural Filtralion is admissible in cases where deposits of sand or

gravel free from clay and sufficiently deep occur adjacent to a river. It

will then suffice to dig long trenches, extending below the level of the

ground-water and from 50 to 150 feet distant from the river-bank, and to

wall these trenches with masonry at the sides and top, leaving the joints

open {pi. 'S'2.,fig- 11), or to lay in them perforated iron pipes. These pipes

are then placed in suitable communication with underground conduits, and

the trenches are then filled up. With this arrangement, no impurities can

enter from the outside. The water filters through the gravel, enters, quite

clear, through the open joints of the masonry or through the perforation

of the iron pipes, and flows through the underground conduits founded for

the purpose into properly-appointed storage-wells, from which it is further

distributed by pumping-machinery (Dresden, Leipsic, Halle, Riga).

The Filler-beds for town and city supply usually comprise a stratum of

sand several feet thick resting upon a heavier stratum of gravel and small

stone, which latter are provided to sustain the sand and to afford channels

through which the filtered water can run off. The principal portion of the

impurities collect upon the upper surface of the layer of sand, and pro-

vision must therefore be made for cleansing this from time to time or for

renewing it as may be found necessary. It is essential that the water

should come to the filter-bed under some pressure, and it is desirable, where

this is practicable, to permit the water to clear measurably in subsiding-

basins before it is admitted to the filter-bed. In Figure 10 is shown

a section of one of the filter-beds at Chelsea, near London, of which the

largest is about 350 feet long by 175 feet wide. The floor is a stratum of

impervious clay i>^ feet thick. The side-walls are 12 feet high. Along

the floor of the filter-bed and parallel with one another are eleven pipes

having loose joints, to permit the percolation of water into them. They

are surrounded by a stratum of small stones; upon this is placed a layer

of shells; then follows a layer of coarse sand i foot thick, and the upper-

most layer, finally, is formed of 2 feet of fine sand. The turbid water per-

colates through these various strata successively, and finds its way into the

open-jointed pipes above named, where the ends terminate in a collecting-

pipe. Through the latter the filtered water is conducted to the reservoir,

from which it is sent through the mains and service-pipes.

In the United States, neither filtration nor covered reservoirs are in use

—except, perhaps, in isolated cases. In some instances, however, artificial

aeration by one means or another is employed with beneficial results for

preventing the development of aquatic vegetation, to which, during the

hot weather, the water in open reservoirs is very susceptible. The objec-
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tion urged against tlie adoption of the system of filtration so extensively

practised in England is its cost. The subject of the purity of the water-

supply is nevertheless attracting growing attention.

Artificial Filtration is more frequently resorted to, large watertight

basins of masonry being founded for the purjjose. Besides sand and grav-

el, sponge, coke, animal and wood charcoal, pumice-stone, pounded brick,

carbide of iron, spongy iron, and many other materials, have been used for

this purpose, but except fine sand there has yet been found no practically

available material for filtration on a large scale.

Filters for Domestic Service.—Besides the filters designed for use on a

large scale, there are smaller appliances for domestic service, manufac-

tories, etc. The requisites of an effective filter of this class are that it shall

free the water from mechanically-suspended impurities, and shall pass it

constantly, automatically, and rapidly enough for practical purposes, and

that with the least amount of labor it shall permit the ready and thorough

cleansing of the filter-bed. The forms of such devices are legion. One,

invented by Fonville for filtering the surface-water, is shown in Figure 9

(//. 52). It consists of a wooden chamber divided by horizontal partitions

of perforated wood, with three compartments. These compartments con-

tain well-washed sponge, coarse river-sand, and vegetable charcoal, proceed-

ing from above downward in the order given. The pipe at the right

conducts the unfiltered water to the apparatus with the pressure of the

service-mains; the pipe at the left condticts the filtered water away. The
eight valves with which the filter is provided may be so adjusted as to ex-

clude the water from any compartment or to cause the water to flow for-

ward or backward in any of them; so that whenever the contents of any

of the filtering compartments become clogged or require cleansing a brief

reversal of the flow is generally sufficient to restore it to proper working-

order. The charcoal requires renewal once a week.

In certain of these devices it is sought to effect the rapid removal of

the very fine sediment by the use of such coagulating substances as alum,

by which it is very thoroughly separated, and remains on the filter en-

tangled in the flocculent alumina. The quantity of alum required to ac-

complish this object is extremely small. In some forms of the apparatus

it is admitted in regulated quantities predetermined by the condition

of the water and the capacity of the filter, and the quantity remaining un-

decomposed in the filtered water is so infinitesimal that it affects neither

the taste nor the qualities of the water. In other forms the filtration,

either simple or aided by chemical agencies as just described, is supple-

mented by artificial aeration, whereby the palatability and general whole-

someness of the water are notably improved.

Storage-reservoirs.—For the water-supply of .large towns and cities

there are usually provided elevated reservoirs whose principal object is to

preserve the equilibrium between the water consumed and that supplied.

The larger portion of the consumption takes place during the daytime,

but even then it is not regular, while the influx of water from flowing
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springs or a gravity supply is constant during the twenty-four hours. Con-
sequently, without reservoirs for storage, the portion of the water flowing

in during the night would run to waste. Where the supply is pumped
from rivers or lakes, the presence of a large reservoir in which a consid-

erable volume of water may be stored is a safeguard in case of an accident

to the pumping-machinery, for without this provision the stoppage of the

pump would at once stop the supply. In large cities there are usually

several pumping-stations; so that in the event of a break-down of one of

the pumps communication between the disabled plant and its proper reser-

voir is shut off by closing a valve in the puniping-main, and connection is

established between the reservoir and the pumps of another station.

Capacity and Classes of Reservoirs.—To be really serviceable, the

capacity of these reservoirs should be very large; as a minimum, they

should be capable of holding one-third of an entire day's supply. To
facilitate their cleansing—which is periodically necessary—they should be

separated into several compartments by suitable division-walls. Reser-

voirs may be classed, according to the manner of their location, (i) those

whose water-level is below the surrounding ground-level, and (2) those

whose water-level is elevated to a greater or less extent. The first are large

substantial excavations with floor and walls of brick, masonr\', or concrete.

The second often require costly foundations and very strong retaining-walls,

which are usually great embankments of earth. All such reservoirs should

be covered, to keep the stored water clean and cool.

Stand-pipes.—Where circumstances are unfavorable to the construction

of elevated reser\'oirs, recourse may be had to stand-pipes (//. ^2., figs. 18,

19). These consist of tall towers in whose tops are water-chambers (one

in each tower) with which inflow and outflow communicate. The water is

pumped into these elevated storage-chambers, and flows out of them into

the service-pipes. These chambers ser\'e as substitutes for the elevated

reservoirs in furnishing the water-service with the constant pressure

required to cause the water to rise to the upper stories of high buildings,

in case of fire, etc. In the United States, the system of direct pumping

into the mains by what is known as the Holly Direct Supply System is

largely employed in the smaller cities and towns.

London Storage-basins.—To give an idea of the magnitude of the stor-

age provision demanded for the water-supply of a great city, mention may
be made of the reservoirs of London. The population supplied by the

water companies of that city in 1887 was 5,274,542, and the average daily

supply (in the month of May of that year) was 160,388,316 gallons. Of

this, more than half, or 82,366,466 gallons, came from the Thames, and

the balance from the river Lee, and from certain chalk-springs in the val-

leys of the Lee and Thames, and from twenty-one deep wells sunk into the

chalk-fonuation to the north and south of London. There are fifty-four

subsidiary reservoirs for nnfiltered water, with an area of four hundred and

sixty-five acres and an available capacity of 1,290,100,000 gallons, and

fiftv-three covered reservoirs for the storage of the water after filtration,
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with a capacity of 160,002,000 gallons. The number of filter-beds is ninety-

nine, with an area of ninety-eiglit acres.

Water-distribution : Aqueducts.—In ancient times the stored and puri-

fied water was distributed by canals of masonry which were frequently car-

ried through long tunnels and upon high aqueducts. In modern times

works of this nature are not so common, pipes, which are more convenient,

less costly, and more readily adapted to irregularities of the ground-surface,

being almost exclusively used. (Compare//. 52,7?^. 20.)

Croton Aqueduct.—New York has at this time (1889) nearly completed

a splendid aqueduct from the Croton River Valley to the city, a distance of

thirty and three-quarter miles, of which twenty-five miles is cut through

the solid rock. Figure 4 (//. 54) is a view of the section of this aqueduct

whore it is taken beneath the Harlem River, in the form of an inverted

siphon, the excavation being in the solid rock. Provision is being made

by this improvement for supplying no less than 200,000,000 gallons of

water daily—a quantity which will be ample- to meet the growing require-

ment of the American metropolis for many years to come. The great reser-

voir at Quaker Dam, wliicli will form an important adjunct to this new

aqueduct, will have a storage capacity of 3,600,000,000 gallons of water.

Pipe Systems of Water-distribution.—Two systems of distributing water

for the supply of towns or cities are in vogue—namely,the "ramification "

system and the "circulating" system. In the ramification system, com-

monly employed, the supply passes from the principal main into tributary

mains, from these again into the large branches, and thence, through still

smaller branches, into the house service-pipes to the points of consump-

tion. In the circulating system all the branches communicate at both ends

with the principal main; so that the entire system of pipes may be regarded

as an underground reservoir that maybe tapped at any desired point. The
advantage of the ramification system is that the mud in the water is car-

ried along to its extreme end, and may there be discharged through suit-

able openings arranged for the purpose; the disadvantages are that the con-

sumers located at a distance from the principal mains may have their sup-

ply sensibly diminished by the consumption of those nearer to the main

supply, aud that if a branch main be broken near the chief main all that

section of the town receiving its supply through the affected branch will

be deprived of water. In the circulating system, these objections are

avoided, as the water will always find access to all parts of the system of

connected pipes from two sides.

Pipe Aqueduct over the Wissahickon Valley, Philadelphia.—An inter-

esting example of a pipe aqueduct is that designed by Frederick Graff,

chief engineer of the Water Department of Philadelphia, and erected in

1S70, for carrying the water from the Roxborough to the Mount Airy reser-

voir across the valley of the Wissahickon for the supply of Germantowu, a

suburb of Philadelphia, as shown in Figure 2. It is formed of two

parallel lines of 20-inch cast-iron flanged pipes, which constitute the top

members of a series of inverted bow-string trusses composed of short Phoe-
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nix posts 5^i inches in diameter, resting on chains formed of long links,

or eye-bars, having a sectional area of 10 square inches each. The ends

of the chains are attached to lugs on top of the pipe at the ends of each

span. The structure compri.ses four span.s, each 165-^4 feet long, the high-

est elevation of the centre of the pipes above the water of the creek being

100 feet. The three piers are each formed of a group of four 9-inch Phoe-

nix columns, respectively 72, 97 j^, and 48 feet in height, resting on low
masonry foundations 7 by 14 feet in horizontal section.

Washington Combined Aqueduct and Bridge.—The ingenious artifice

of utilizing a pipe line for the double purpose of conveying water and
supporting a bridge structure is exhibited in the case of an aqueduct-

bridge crossing the Rock Creek near Washington, D. C, over which the

structure carries the waters of the Washington conduit. It was built in

1858 by Captain JMeigs of the United States Engineers. For this purpose

he used two arched ribs fonned of water-pipes of circular section {pi. 54,

fig. 3), through which the water flows. The span of the bridge is 200 feet,

the rise is 20 feet, and the width over all 28 feet. The pipes are 4 feet in

diameter and i ]/> inches thick. The pipes are not cast to the curve of the

arch, but are in straight lengths of 12 feet, with flanged joints whose faces

are parallel with the corresponding radii of the arch. At the skewbacks

the ends of the pipes are faced to large conical boxes, admitting the water,

and resting on the masonry-. The roadway is of timber supported on span-

drils formed of rolled wrought-iron beams. The pipes were at one time

jacketed inside with .staves of resinous pine, 3 inches thick, to prevent the

freezing of the water; but this prevention was found to be unnecessary,

and the lining has since been removed.

Distributing-pipes.—The material universally employed for distribut-

ing-pipes is cast iron, as from it they are easily and cheaply manufactured,

while at the same time they possess the requisite strength and admit of the

easy attachment of branch-pipes. The jointing of these pipes is effected

in several ways. The so-called "flange-joint" (//. ^2, fig. 14) was for-

merly much employed. In this the ends of the pipe were flanged, a disc of

leather or of lead was laid between the two flat surfaces, and the ends were

firmly united by means of bolts and nuts. This form of joint, which has

been found not sufficiently flexible, has been superseded largely b)- the

socket-joint. In the method now in common use one end of the pipe is

cast with a bell-shape enlargement, into which the plain end of the next

pipe is inserted. The space between the two, which is about equal to the

thickness of the pipe-walls, is filled for about half its length with tairred

hemp well rammed in, and the remaining space is filled by running lead

into it. At certain inter\'als simple butt-joints are made with the use of a

surrounding collar which ser\-es to permit the removal of the sections when

repairs are necessar}-. To allow for alteration in length of the line in con-

sequence of changes of temperature, certain compensating sections are in-

troduced into the same {fig. 15). Where a line of pipe must be carried

across a river {pi. ^^^fig. 1), or, in other cases, where it must rest upon a
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curved or irregular bottom, the joints must be giveu sufficient flexibility to

adapt themselves to the curvature. In such cases ball-and-socket (//. 53,

fig. 9) or knee joints, etc., are substituted for the usual forms of con-

nection.

Pipe-valves.—For emptying a system of water-mains, as well as for

removing the accumulated sediment, discharge-pipes controlled by valves

are placed at the lowest points of the line. At the highest points the air

may collect in such volume as to prevent the flow of water, on which ac-

count it is necessary to provide suitable vents through which it may escape.

Figure 16 {pi. 52) shows a form of air-valve consisting of a vertical

chamber in which a float automatically closes and opens a valve in its

upper portion as the level of the water rises and falls. For controlling the

flow in the various branches of the system, shut-off" valves are provided at

the proper places. A valve of this description is shown in Figure 17.

Other Forms of Pipes.—Before the period of cast-iron pipes, wooden

pipes from 10 to 12 feet in length were employed, and are still occasionally

used; in many situations tliey have shown an extraordinary durability.

Figure 12 exhibits a wooden water-pipe, partly in section to show one

method of joining the parts with the aid of iron collars of double conical

form sharpened on each side. Water-pipes of stone-ware or terra-cotta,

usually froiij 6 to 8 feet in length, are likewise in use. Figure 13 shows a

section of this kind of pipe, whose differently-formed ends clearly explain

the mode of joining section to section. The joint-packing in this case

consists of hydraulic cement, and water-pipes formed of this material have

been found to answer well the purpose for which they are designed.

Leaden pipes, which are of small calibre, are used only for making house-

connections from the street-mains. Tin-lined lead pipes are somewhat in

vogue in localities where lead-poisoning is feared. In a number of Amer-

ican cities house-service pipes of galvanized (cast) iron are used to a

considerable extent, and apparently with satisfactory' results.

V. TELEGRAPHS AND TELEPHONES.

Classes of Telegraphic Systems.—The transmission of intelligence tele-

graphically may be accomplished either by means of optical or acoustical

signals direct from station to station ; or some other communicating media,

such as air- or water-columns, electric conductors of wire, etc., are indi-

rectly used to produce signals between the despatching and receiving sta-

tions. Optical and acoustical telegraphs still find a limited application

in the operation of railways (see page 179), for military and engineering

uses, and for signalling at sea. Pneumatic telegraphs are to some extent

in vogue for domestic service (the pneumatic bell). Hydraulic telegraphs,

on the contrary, have not as yet passed beyond the experimental stage.

All these systems, however, have been forced into the background by the

electric telegraph and the telephone, which are to-day substantially the only

methods in general use for transmitting intelligence to a distance.

First Electric-telegraph Systems.—Although the idea had been broached



AND Tei.ei'hones.] ENGINEERING. 345

niucli earlier, j-et the first efforts to apply practically the wonderful speed

of transmission possessed by electricity for telegraphic purposes appear to

have been made by Le Sage of Geneva, who in 1774 constructed a tele-

graph-line formed of twenty-four insulated wires to the end of each of

which was hung a pair of pith balls. When the opposite end of any of

these wires was brought in contact with the prime conductor of an elec-

trical machine, the balls forming the corresponding pair were electrified

and repelled each other. It was possible by this means to signal each

and any of the twenty-four letters constituting the French alphabet.

Somewhat later Lomond improved upon the method of Le Sage by
dispensiug with all but a single wire and a single pair of pith balls,

and designating the desired letter by the amount of divergence of the

balls. Following these primitive efforts. Reiser, Bockmann, and Salva

attempted to devise a signalling system based on the employment of elec-

tric sparks transmitted in a certain predetermined manner as to time and

number. An apparatus by Salva operating on this principle was shown
in Madrid in 1798. Modifications of this plan were experimented with by
Cavallo (1797) and Ronalds (i8i6), but led to no useful result. All these

attempts were restricted necessarily to the then only known means of gen-

erating electricity—namely, by friction. They all proved impracticable

and unavailing, for the reason that the static electricity produced by the

frictional-electric machine is of such excessively high pressure, or poten-

tial, that it is impossible to confine it by insulation to wires and to pre-

vent it from passing off to neighboring bodies.

The Voltaic Pilt\^ discovered in 1800, opened the way for a practicable

system of electric telegraphy. The electrical current developed by the

voltaic battery has sufficient strength to follow the longest and most cir-

cuitous course through metallic conductors (wires), and, on the other hand,

its pressure is so low that it may be confined readily to the wires by the

application of suitable insulating devices or coverings.

Sbmmeriug'' s System.—Sommering of Munich (1808) endeavored to

make use of the property of the voltaic battery to decompose water as

the basis of a system of telegraphy. In Sommering's system "thirty-

five glass tubes closed at one end and filled with water were inverted over

a similar number of gilded metallic strips which passed through the bot-

tom of a long and narrow glass trough or reservoir of water. This consti-

tuted the receiving apparatus Each of the tubes corresponded to some

letter or numeral and was joined to the transmitting station by a separate

wire .soldered to the metallic strip underneath. The wires were insulated

from one another, and after leaving the reservoir were bound into a single

strand. At the sending station each wire was separately insulated and

connected with a metallic terminal. To send a signal, it was only neces-

sary- to bring the two poles of a voltaic pile to two of the terminals in ques-

tion. The current, passing from one terminal, traversed its line wire to

the voltameter at the receiving station, where it passed between the gilded

' Named in honor of Us discoverer, Alexander Volta.

—

Ed.
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metallic strips corresponding to the terminals touched by the poles, and

returned through the line wire to the terminal of the other pole of the pile.

When this was done, bubbles of hydrogen appeared at the metallic strip in

communication with the negative pole, and bubbles of oxygen at the other

one. Thus two signals were given simultaneously, of which the hydrogen

took precedence. When it was desired to indicate only one letter, the

positive pole of the battery was brought in connection with zero and the

negative pole with the letter to be transmitted. Sommering proposed to

call the attention of the receiving station by liberating an alarm by means

of the accumulated gas" (Prescott). The method of Sommering proved

too expensive and too 'slow to be of any commercial value, and in conse-

quence was never applied in practice. Only of late years has the chemical

^effect of the voltaic battery received practical application in the chemical

telegraph of Bain. (See p. 353.)

Electro-viagnctic Needle Telegraphs.—The discovery of electro-magnet-

ism by Oersted of Copenhagen in 1820 may be said to mark the date of the

origin of the electric telegraph. The invention by Schweigger of the

"multiplier" was an important contribution to its practical solution,

since by its use there was obtained the power of causing the deflection of

a magnetic needle by even the feeblest current. The earliest attempts to

produce an electro-magnetic telegraph are to be credited to Ampere in

Paris (1820), Ritchie in London, and Schilling of Cronstadt in St. Peters-

burg (1832). It was not, however, until 1833 that Gauss and Weber of

Gottingen succeeded in introducing the first practical telegraph of this

kind. These savans erected a line of telegraph between the physical

cabinet and the observatory' of the university in Gottingen.

Gauss and Weber System.—The transmitting apparatus in the Gauss

and Weber system was a magnetic needle enclosed in a coil of wire, and

the currents were produced by a magneto-electric inductor. The receiv-

ing apparatus {pi. ^^.,fig. i) was a large coil, or "multiplier," of insu-

lated copper wire, the ends of which were connected with the line wires.

Within the multiplier was suspended by a fibre of silk a permanent mag-

net, to whose spindle a long' mirror was attached in such a manner that it

would throw into the axis ot a telescope suitably mounted at a distance of

10 or 12 feet the reflected image of a horizontally-divided scale. A system

of right- and left-hand deflections of greater or less amplitude on the narrow

scale constituted the alphabet. The movements of the inductor at the

transmitting station caused the transmission of currents through the line

wire, which affected the magnetic needle within the multiplier and became

manifest by slight movements of the magnet. These slight movements

were greatly multiplied by the action of the mirror and the telescope. An
apparatus similar to this in principle is used at the present time in subma-

rine-cable telegraphy. (See p. 351.)

SteinJieiP s System.—Steinheil of Munich substantially improved the

magneto-electric telegraph of Gauss and Weber, both in the construction

of the induction apparatus for generating the magneto-electric currents
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and in the receiving apparatus. Tlie latter {pi. ^^.ifig. 3) was composed
of two needles or bars within a multiplier and having their free adjacent

ends prolonged to terminate in a species of pen, which imprinted a series

of dots upon the surface of a strip of paper that was caused to travel past

them. To Steinheil also is accorded the credit of having made the very

important discovery that the second, or return, wire of a telegraphic cir-

cuit was unnecessary, and that by simply grounding the wires at the ter-

minal station the return current would pass through the earth. While
Gauss and Weber, and Steinheil, employed the magneto-electric current iu

their telegraphs, Wheatstone and Cooke in England returned to the use of

the voltaic current, which is better adapted to the purpose, and in 1837 the

latter patented certain improvements upon Steinheil's needle telegraph.

First Morse Telegraph.—In 1835, ]\Iorse iu the United States con-

structed the first crude working model of his well-known electro-magnetic

telegraph {Jig. 4), which embodied the following parts—namely, "a sin-

gle circuit of conductors from some suitable generator of electricity;

a system of signs, consisting of dots or points, and spaces to represent

numerals; a method of causing the electricity to mark or imprint these

signs upon a strip or ribbon of paper by the mechanical action of an elec-

tro-magnet operating upon the paper by means of a lever armed at one end

with a pen or pencil; and a method of moving the paper ribbon at a uni-

form rate, by means of clock-work, to receive the characters." Fig-

ure 7 represents the modified form of the register or recording instru-

ment used by IMorse on the first experimental Hue between Washington
and Baltimore, opened on the 27th of ilay, 1S44. The arrangement of the

circuits is shown in Figure 5. Figure 8 exhibits a register of more
modern design, embodying, however, the same elements of construction.

Relays.—Of much importance at this stage of the art was the introduc-

tion by Wheatstone of the so-called "relays," by which the line current is

relieved of the work of making the signs that constitute the message, but

is caused to generate strong local currents which are employed to actuate

the recording mechanism. The relay is shown in Figure 34 (//. 57). Its

object is to call into action the power of a local battery by which the work

of recording is performed. This is necessary for the reason that the cir-

cuit current is too feeble to do more than establish a communication

with the local battery. It consists, as will be observed by an inspection

of the Figure, of an electro-magnet, M, M, whose light iron armature is

attached to the pivoted lever, B, B'. The back end of the lever is drawn

down by the spring,yj and the armature by this means is separated from the

magnet poles, ]\I, IM. The front end of the lever rests either against the

insulating ivory point of the thumb-screw, D, or against the conducting

steel point of the screw, D', according as the current entering through the

wire conductor, w, passing through the coils of the electro-magnet, M, M,

and then to the earth, causes the armature. A, to be attracted to the poles

of the magnet, or, as the current ceases to flow, the retractile power of the

spring, yj comes into play. The brass standards, E, C, S, are insulated
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from the base board, P, P'. L, K is the local battery which is thrown in or

out of circuit by the relay. R is the receivin<j instrument. It will be

apparent from the foregoing description that when the main, or primar)-,

circuit energizes the magnet, MM, and causes its armature to be attracted,

thus making contact between B and D', the local battery will be closed, its

current proceeding from K to the receiving instrument, and from this back

to the battery. The relay employed on the closed-circuit lines differs from

that of the open-circuit line just described simply in the reversed arrange-

ment of the points B, B'. (Comp. //. 57,7?^. 35.) At present the source

of the electric current almost universally employed in telegraphy is a

voltaic battery.

The Batteries in most general use for telegraphic purposes are the fol-

lowing: the Meidinger cell, composed of zinc and copper elements in a

cell without porous cup, the two liquids constituting the electrolyte being

kept apart simply by the difference of their specific gravities (the liquids

employed are solutions of sulphate of copper and sulphate of magnesia, a

reserve supply of crystals of sulphate of copper being provided in some
convenient manner, so as to make good the consumption of this salt by the

action of the battery); the Marie-Davy cell, composed of zinc-carbon ele-

ments, in which the carbon is immersed in a paste of moistened sulphate

of mercury and the zinc in pure water; the Leclanche cell, of zinc-carbon

elements, in which the carbon plate is placed in a porous cup filled up
with fragments of peroxide of manganese and carbon and the zinc occupies

the outer vessel, and in which a diluted solution of sal-ammoniac consti-

tutes the electrolyte. The qualities sought for in a battery are that it

shall furnish a current of great constancy and shall require the least pos-

sible attention for cleansing.

TIlb Siemens AnnattD'c^a. device well known to electrical engineers, is

of peculiar construction {fig. 28). It is channelled longitudinally with two

deep, broad grooves on opposite sides, within which is wound, also longi-

tudinally, a coil of fine insulated wire. The armature is supported on pivots

above and below by the brass caps, F, F, and is rotated by means of the pin-

ion on its upper extremity, which gears into a toothed wheel turned by the

handle, H. The numerical relation between the teeth of the wheel and

pinion is such that one revolution of the wheel causes the pinion to

revolve thirteen times, reversing the magnetism along the whole length on

each side of the armature, and thereby inducing in the coil, when the

circuit is closed, thirteen positive and thirteen negative electrical pulsations

of equal and opposite magnetic effect. When the coil is turned half round

on its vertical axis, the polarity of the armature is also changed and a

magneto-electric current induced in the armature coil in one direction, and

on turning it half a revolution farther round, so that it takes up its former

position, a current in the opposite direction is induced. The ends of the

coil of wire which are attached to the brass caps are connected, one {s') to

the earth-plate, and the other (j) to the coils of the electro-magnet of the

indicator, and thence to the line. The pointer of the indicator at the
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receiving station repeats the message sent from the transmitting station

letter by letter. Siemens has lately replaced the permanent steel magnets
by electro-magnets. The rcsidnal magnetism in the electro-magnets is

found to be sufficient to produce a current in the armature by induction.

This induced current of the armature in turn excites the electro-magnets,

these in turn induce a still stronger current in the armature, and so ou
until the point of magnetic saturation is reached.

Circuits.—For the transmission of signals in the case of telegraphs op-

erated with batteries, two arrangements of the line may be employed, which
are known respectively as the "open-circuit" and the "closed-circuit"

plan. In the open-circuit plan the batteries at both ends of the line are

open when the line is not in use, but are both closed whenever the key of

either station is depressed. Thus the instruments at both stations are op-

erated when either one or both keys are depressed. In the clo.sed-circuit

plan, the circuit is closed and the current flows through the line when the

latter is not in use. The transmission of signals, however, by this plan

may be effected in two ways. In the IMorse system, as operated in the

United States, the keys at each station are provided with what is known
as a "circuit-closer," and the connection remains unbroken so long as

neither station is transmitting. To send a message, the operator opens a

switch of his key, thus interrupting the flow of the current. By operating

his key the characters of the Morse alphabet are received at the other sta-

tion. By this plan of arranging the instruments of a line the transmission

is effected by closing the circuit through the key. In a modified form of

the closed-circuit system in use in Germany upon the railway-lines, the

signals are directly transmitted by breaking instead of closing the circuit.

The Keys used to make and break the circuit are .shown in Figures

32 and 33 (//. 57). Figure 32 represents a key for an open-circuit line in

which, when the line is not in use, a contact is maintained between c and

c\ through which a current may be received or may pass through some

other station. By depressing the lever, however, the local battery is closed

through the contact, b. The closed-circuit key {fig. 2iZ^ ^^ provided only

with the contacts d and ;/, through which the circuit is closed when the

line is not used for transmission. The circuit is broken by depressing the

lever. The I\Iorse key {pi. 58, fig. 6), as employed in the United States

with the circuit-closer or switch, is usually open. When the switch is open,

the circuit is completed through the key by pressing upon the button of

the lever, by which a platinum stud on its under side is brought in contact

with a similar stud in the centre of an anvil. When the pressure of the

finger is removed, a .spring beneath the lever throws it up to its normal

position, thus breaking the circtiit.

The ring Commulator is extensively used on lines operated by Morse

instruments, with some modifications. Figure 40 (//. 57) shows the j)lug

commutator of Siemens and.Halske. It consists of three heavy pieces

of brass separated from one another upon the insulated base and fur-

nished with holes, D, C, I, and 2. Li and L2 are the line wires from adja-
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cent stations. T is the key; R, the relay; S, the registering instrument; LB,

the line battery; OB, the local battery; and G, the galvanometer which

indicates the existence of a current in the line. The switch it.self is dis-

tinguished by the letter U. By inserting a metallic plug in hole D the

station is cut out and Li and L2 are connected. The current then passes

from L,i over U (D) to L2. If the plug be inserted in C, the station will

receive any message sent through. In this case the current from a station

on the left will pass over L,i, G, Ti, 2, R, U, L2, etc. If now the key

Ti be depressed, the station is placed in working communication with all

stations on the line. In this case the current passes in the direction Li,

G, Ti, 3, Z, (lyB), K, La. In like manner the holes i and 2 serve for the

insertion of the plug when the station wishes to communicate with the way
station on the right or left respectively, or to receive communications from

these way stations.

Telegraph Alarms.—A telegraph station is not complete unless provided

with alarms {pi. 57,7?fJ. 25, 27). Figure 41 exhibits a call-bell in which

the armature, c, carrying the hammer, /', is drawn back by the spring at r,

when the current ceases to flow round the coils of the electro-magnet, J/j

y1/, and is pressed against the contact-spring, ;-, when the current is re-estab-

lished, by which the armature will be attracted, and the bell struck by the

hammer. By this artifice a rapid making and breaking of the circuit is

effected, and a corresponding intermittent sounding of the bell. When a

system of this kind is used as an annunciator, for example, in a hotel, the

rooms from which the circuit must be closed and broken must be furnished

with a push-button (7?o-. 42). Communication is established by pressing

upon the button. In the bell-signals for railway use the current is utilized

merel}' to release a train of clockwork, which by simple mechanical means
rings the bell. Siemens and Halske's railway signal -bell operating on this

principle is shown in Figure 43.

Classes of Telegraphs: Needle Telegraph.—According to the method

of signalling employed, telegraphs are distinguished as needle, dial, print-

ing, and copying telegraphs. The needle telegraph is made to convc}' sig-

nals by the deflection of a magnetic needle through the medium of an elec-

tric current caused to flow through a coil of insulated copper wire within

which it is suspended.

Ulieatstone and Cooke'' s Needle Telegraph.—Figures 22 and 23 exhibit,

respectively, front and rear views of the simple needle telegraph of Wheat-
stone and Cooke. A {fig. 23) is the multiplier surrounding the needle, and

consisting of a coil of fine silk-covered copper wire wound round a thin

frame of brass. An exterior needle {fig. 22) which serves as the indicator

for commiinicating the signals is carried on the same axis as the needle

of the multiplier; to neutralize the influence of the earth's magnetism, the

poles of the two needles, however, are placed in reverse position relative to

each other. Figure 24 is a diagram exhibiting two stations connected by

this system of communication. (7, G' are the signal-key handles; A", A", the

multipliers; g., g\ the line wire. The key-handle G, projecting from the
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exterior of the enclosing frame, is mounted on the same axis with a disc

of wood in the interior, upon the periphery of which are placed seven con-

ducting pieces of brass separated from one another by interposed strips of

ivory {pi. SI^J'a- 24, ^s)- Certain of these brass pieces are connected

with one another by strips of brass—for example, <rwith b and r, /"with (f,

e with g. Four contact springs, .v, j)', ;«, and «, press against the edge of

the disc, of which the first two are connected with the poles of the battery,

;;/ with the ground plate, and // with one terminal of the multiplier. When
the two handles, G and G\ are placed vertically, the batteries are cut out

from the line. When the handle G' is placed to the right, as shown in the

Figure, the current passes from + to — pole in one direction. Turning
the handle to the opposite side sends the current in the opposite direction

through the apparatus, and consequently produces a deflection of the

needles to the opposite side. The alphabet is formed from various prede-

termined combinations of the needle deflections.

TJiomsoii' s Cable Telegraph.—The needle telegraph was employed in

working the .submarine line between Ireland and America, Professor (now

Sir William) Thomson having devised an apparatus for the purpo.se cor-

responding in principle with the reflecting, or mirror, galvanometer used

by Gauss and Weber in 1833 (p. 346). It consists of a slender bar of steel

suspended from a cocoon-thread and carrying at its point of suspension a

\-cr)- delicate mirror. The needle passes within a coil of fine copper wire.

At the distance of about 3 feet a lamp contained within a sheet-metal box

throws upon the mirror a slender beam of light through a slot, provided for

the purpose, in the box. The mirror reflects this beam upon the grad-

uated scale. Any deflection of the needle, however slight, in consequence

of the passage of the current through the line, is thereupon reproduced and

greatly magnified by the movement of the band of light on the scale. Fig-

ure 2 {pi. 58) represents the appearance and operation of the ingenious

siphon recorder devised by Sir William Thomson, and designed actually

to delineate on paper the irregular movements of the reflecting galvan-

ometer above referred to.

Doiible-)icedle Telegraphs, which are nothing more than a combination

of two needle telegraphs of the kind just described, aflford greater facility

in the transmission of signals, but require two line wires, and are now but

rarely u.sed.

Dial Telegraphs.—Vox the utilization of magneto-electric currents, the

several forms of the "dial telegraphs"—so called to distinguish them from

the above-described needle telegraphs operated by currents of similar ori-

gin—are found very serviceable. In this modification an index, by suit-

able mechanical appliances, is made to revolve over a set of letters or other

symbols placed around the circumference of a dial. By other appropriate

means this pointer is caused to stop opposite any desired character, and

thus a message is spelled out letter by letter.

The Siemens Dial Telegraph {pi. S7,fgs. 27-30), one of the most con-

venient and valuable of its class, has been in use for many years on the
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govenunent telegrapli-liiies of several European countries (Russia, Bavaria),

and on the municipal lines of some of the principal European cities. The
following description of this system, abridged from Prescott, explains its

construction and operation. It consists of a battery of permanent magnets,

between the poles of which revolves a coil of insulated wire wound upon a

soft-iron armature. This coil develops alternate positive and negative cur-

rents, which traverse the line and pass through the coils of an electro-

magnet at the receiving station, causing its armature to vibrate, an escape-

wheel and a pointer. Figure 28 (//. 57) shows this ajjparatus with its

wooden case removed. In operating, the handle, H, is turned from letter

to letter, these being marked on a horizontal dial-plate, J, stopping always

against the tooth opposite the letter to be indicated. The metallic dial-

plate, J, having ratchet-shaped teeth, /, upon its rim, is fixed upon the top

of the compound magnet, which is formed of a number of permanent mag-

nets, G, G', screwed to an upright soft-iron plate. Between the poles of

this system of permanent magnets is placed a c}'linder of soft iron, E, E,

which serves as an armature. Tlie interior of the indicator is shown in per-

spective in Figure 29. The call-bell or alarm used with this instrument is

seen at the top of the case in Figure 27. In Figure 25, which is one of

Wheatstone and Cooke's dial telegraphs, A represents the key of the instru-

ment in the despatching station, and B the indicating apparatus at the

receiving station.

The Dial Telegr'aph of Bre^itcl^ for many years in use with satisfactory

results on the French railways, is an apparatus operated on the same prin-

ciple as that of Wheatstone and Cooke, but embodies a number of substan-

tial improvements. Figure 26 is a diagram of the connections of the dial

telegraph devised by Siemens and Halske. In this apparatus, an import-

ant condition in the operation of this system will be the exact synchronism

of the ratchet-wheels at the two stations. To save the cost of batteries, the

dial telegraph is commonly operated with the aid of the magneto-electric

apparatus of Siemens and Halske referred to above.

Printing Telegraphs: Morse System.—Of the printing telegraphs, that of

Morse is the most widely used. Figure 31 {pi. 57) shows one of the forms of

the Morse register. An armature, <?, over the poles of the electro-magnet, E,E,

is attached to one extremity of a lever, nn\ pivoted on a fulcrum near its

centre. The other end of the lever carries a steel point which at each de-

pression of the armature, o, presses upon a ribbon of paper introduced be-

tween the rollers, W, W. (This ribbon is omitted in the illustration for

the purpose of clearness.) The style will remain in contact with the paper

ribbon as long as the armature is held down, and will be withdrawn from

it by the action of the retracting spring, //, whenever the armature is freed

from the attraction of the electro-magnet by the breaking of the circuit.

There is thus formed a series of dots and dashes, the latter being pro-

duced by a more prolonged contact of the style with the paper; and these

characters, in certain arbitrary combinations, constitute the telegraphic

alphabet. For moving the rollers, W, W, which guide the paper ribbon,
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either a spring or a train of wheel-work actuated by a weight, as sliown, may
be employed. For sending the Morse characters the keys {pi. ^'J,Jigs. 32,

33) are employed. The relay {Jig. 34) serves to throw into the circuit the

current of a strong local battery by which the signals are recorded.

Figures 37 and 38 exhibit the mode of arranging a line of tele-

graphic communication between two terminal and two intermediate sta-

tions, with the Morse instrument as the chemical printer. The letters o, r,

o, c are the open-circuit keys (compare yfo-. 32); /?, b, the batteries; and A, C,

D, B, the electro-magnets of the recording apparatus. In Figure 37 all

the keys are seen to be in contact with the parts fl, but no current passes,

because the circuit is broken at the points c, c. li, now, station D wishes

to speak, the key of this station is pressed down on r, and the D-batterv

is thus closed. All the ]\Iorse instruments included in the main line, ex-

cept that at D itself, will now receive the current, which will travel in the

course indicated by the arrows, while at the same time their local batteries

will not be called into action. \'arious other arrangements of line are in

use, some operated upon the open-circuit and others uj^on the closed-circuit

plan (see p. 349), for details of which the reader should consult special

treatises on the electric telegraph.

Bain System.—In place of the style used for recording the characters

as just described, Bain (1847-1848) employed electro-chemical decomposi-

tion. By this plan the record appears as a series of colored marks upon
the paper. To this end, he passes the paper ribbon on which the record

is to be made through a trough containing a solution formed of water six

parts, sulphuric acid one part, and two parts of a saturated solution of yel-

low prussiate of potash. In this mode of recording, no pressure of the

style upon the paper is necessary, and the relay may be dispensed with.

The chemical telegraph also may be worked more rapidly than the usual

method of printing. On the other hand, the dry writer has the advantage

of greater reliability and cleanliness, the message being free from the risk

of blotting or of being entirely missing in places, owing to the accidental

absence of solution. In Figure 36 is shown a dry writer in which a small

printing wheel carried on the extremity of the lever, ^, and dipping and

constantly revolving beneath the surface of the solution in the color trough,

r, presses against the paper ribbon when the annature of the electro-mag-

net is attached.

Siii/ircr' s Apparatus.—To reduce the number ofsignals, and especially to

lessen the time required to transmit the Morse signals, Stohrer of Leipsic

devised a double-style apparatus on the Morse principle, the register being

furnished with two electro-magnets actuating separate writing-levers,

making two rows of dots and dashes, but recording on the same paper

ribbon. By this arrangement he was enabled to employ four elementary

signals instead of two in constructing the alphabet. Stohrer's apparatus

has been used to some extent in Bavaria, but its advantages have not been

found to be so decided as to cause its general adoptio:i.

Type-printing Telegraphs.—The problem of transmitting, not signs.

Vol. v.—23.
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but the ordinary letters of the alphabet, so that the messages should be

received in priut, received the atteutiou of the earliest telegraphic iuvent-

ors. The first suggestion of a type-printing apparatus originated as early

as 1837 with Alfred Vail, an associate of JMorse, but, believing that the

method could not compete successfully with the ordinary Morse system of

transmission, his instrument was never perfected. Wheatstone next es-

saved the solution of the problem, without reaching a successful issue,

although he constructed a working model which was operated before the

Royal Polytechnic Institute in London in 1841.

House's Apparatus.—The first type-printing instrument sufficiently

practical to come into considerable use was that of House, an American

electrician, who in 1847 successfully transmitted printed messages over an

experimental line between Cincinnati and Jeffersonville, a distance of one

hundred and fifty miles. In 1849 this instrument, which was afterward

greatly improved, was adopted commercially on a line between New York
and Philadelphia, and thereafter came into general use.

Hughes'" s Apparatus.—The House apparatus has, however, been super-

seded by the type-printing telegraph of Hughes, another American electri-

cian, which was brought out in 1855, and, as subsequently improved by

his associate, Phelps, it has been adopted extensively throughout Europe

and America.

Construction ofType-PrintingTelegraplis.—The mechanical construction

of these devices is too complex to warrant a detailed description. It must suf-

fice to say that the type-printing instruments are operated by two methods.

In one a type wheel is revolved by a step-bv-step movement which is

effected either by clockwork controlled by an electro-magnetic escapement

or by the vibrating armature directly. In this class of type-writing in-

struments the printing is done either by a clockwork mechanism or by the

direct action of an electro-magnet. To this class belong the instruments

of Wheatstone, House, Breguet, Dujardiu, and the stock- and market-

reporting instruments in general use. The "Universal Stock Printer"

(//. 58, Jig. 9) is a typical form of this telegraph. The other type-printing

instruments have for their essential principle the synchronous movement
of the transmitting and receiving apparatus at two or more stations, and

the printing is effected without arresting the synchronous motion of the

type wheel. The motion of the type wheel of one station and of the trans-

mitting mechanism of the other is regulated by two separate sets of mechan-
ism, which keep exact time with each other. To this class belong the

instruments of Hughes, Farmer, Phelps, and others.

Fac-siniilc Transmission Telegraphs.—The clever idea of reproducing

at a distant station exact copies of writing, drawings, diagrams, charts,

etc., telegraphically was first made practicable by Bakewell in 1847.

Methods of fac-simile transmission have also been devised by Bain, Morse,

Whitehouse, Gintl, Stohrer, Cowper, Robertson, Delany, and others.

The Pan-telegraph 0/ Caselli, which belongs in tliis class, is exhibited

partially in Figure 39 (//. 57). Its operation will be understood from the
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following brief account condensed from Prescott. Two instruments simi-

lar to that shown in Figure 39 (//. 57) are employed, one at the trans-

mitting and one at the receiving station. The actuating mechanism of

this system is a heavy pendulum of iron swinging between two electro-

magnets which become alternately magnetic by the action of a local bat-

tery, whose circuit is closed through these by the action of a second
pendulum. The alternate action of the electro-magnets keeps the first

pendulum in motion, and through this the remainder of the mechanism.
At the right side of the frame are placed two covered metallic tablets, one
of which, X, is .shown in the Figure. Upon this is placed the original

drawing, etc., to be transmitted at the sending station, or the prepared

paper if at the receiving station, and, each instrument having two of these

tablets, it is po.ssible to transmit and receive a message at the same time.

The two tablets are exactly alike, and it will be necessary in this account

to refer to only one of them. Above the tablet X a frame, /, q^ is mounted
upon a vertical lever. A, B, which turns upon its centre on a horizontal

axis. The connecting-rod, Z, is jointed to the lower end, B, of the lever,

and to the rod of the pendulum. Thus the swinging of the pendulum-rod

causes the frame, /, y, to move to and fro over the convex surface of the

tablet X. The adjustable couuterpoi.se, K, K', serves to balance the weight

of the frame, />, ^, upon the centre of motion of the lever, A, B, which is

coincident with the axis of the cylinder of which X is a segment.

The frame, /, y, carries a shaft provided with two screw-threads, z\ v\

each being clasped by a nut to which is attached a clamp, a. At each

complete revolution of the shaft the clamps move laterally the distance of

one turn of the screw-thread. The revolution of the screw is .so effected

by an escape-wheel that the clamp, a^ is moved laterally one-eighth of a

millimetre at each oscillation of the lever. A, B. If a style be fixed in the

clamp, rt", so as to press by its elasticity against the surface of a sheet of

paper laid upon the tablet X, and to leave a mark upon it, it is evident

that by the oscillation of the frame, />, </, and the lateral motion at right

angles caused by the screw, -:', the whole surface of the sheet would be

covered with parallel-ruled lines one-eighth of a millimetre apart. The
apparatus, however, is so arranged that the style is lifted from the paper

while passing in one direction over the tablet X, and in like manner upon

the other tablet while passing in the opposite direction. The .synchronism

of the corresponding instruments is effected by a pendulum, a description

of whose action will be unnecessary.

Operation of CaselW s Apparatus.—The manner in which messages are

transmitted and received by Caselli's apparatus will now be understood

from the following: At the sending station the message or any drawing

or diagram to be transmitted is written in bold lines with ordinan,' ink on

"silver paper," so called, which is prepared expressly for the purpose by

coating the surface with tin. This is fastened by clips upon the surface

of the tablet X, and through the clips the metallic surface is in connection

with the negative pole of a main battery and with the earth, while the
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positive pole of the battery is attached to the clamp, a, and to the line.

When the pendulum at the sending station is set in motion, the clamp and

the style attached thereto begin to traverse the entire surface of the metal-

lic paper. As long as the style is in contact with the metallic surface the

main battery current is shunted through a short circuit; but whenever

this contact is broken by the style passing over the insulating writing, its

current passes through the line and through the clamp, «, at the receiving

station, and finally to the earth. The clamp holds an iron-wire style which

traverses a sheet of paper laid on the tablet X, the paper being prepared

by treating it with a solution of yellow prussiate of potash acidified by sul-

phuric acid.

As the pendulums at both receiving and sending stations swing in e.xact

time with each other, it is manifest that when the style at the sending sta-

tion passes over a line of the non-conducting writing a corresponding blue

line will be drawn upon the chemical paper at the receiving station. After

half an oscillation of the pendulum has been completed, the styles are

moved laterally one-eighth of a millimetre, but, as the clamp and the style

are lifted from the paper during the last half-oscillation of the pendulum,

this portion of time occupied in its motion is lost, but may nevertheless

be titilized for sending another message, in the opposite direction, by means

of the duplicate portion of the apparatus.- After a complete oscillation,

the styles at both stations will have moved laterally one-eighth of a millir

metre. During the first half of the second oscillation there will appear

upon the paper at the receiving station a second series of blue lines exactly

parallel to the first and one-eighth of a millimetre distant from them. In this

way the two instruments continue to operate until the style at the sendinor

station has gone over the whole surface of the metallic paper, and that at

the receiving station has produced in parallel-ruled lines a copy of the de-

spatch written upon the metallic paper. The Caselli system has been put

in practical use, but to only a small extent. The objection made to it and

to others devised for the same purpose is that they are very slow in

operation.

To avoid the necessity of providing intermediate stations with two sets

of apparatus, one to communicate in each direction, and also to avoid re-

peating at each of the intermediate stations a message sent from one ter-

minal station to the other, which would involve serious loss of time and

multiply the chances of error in transmission, various arrangements have

been devised by which communication may be est.nblished between any two

stations included in the line. The pan-telegraph was opened for public

use on the Paris-Lyons Railway in 1865.

Telegraph Lines: Overhead Wires and Supports.—The metallic con-

ductors which serve for the transmission of the current consist usually of

iron wire of suitable gauge, which it is the practice to galvanize to protect

against rusting. At the terminal stations these wires are soldered to cop-

per plates having about 10 square feet of surface, which are sunk in the

earth. For supporting the line wires on overground lines, wooden posts
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are used, from 25 to 30 feet long, on whicli the wires are strung upon cross-

braces from insulators. These posts are occasionally treated with antiseptic

substances, as described on page 193. Their distance apart is, as a rule,

175 feet, corresponding to about thirty posts to the mile. Sometimes posts

of iron are substituted for those of wood.

Insulalors.—An important factor in the serviceableness of a telegraph-

line is the insulation of the conductors from the posts. The wires are

therefore supported by insulators of various forms, constructed usually of

porcelain or glass. In Chauviu's insulator (//. ^T.figs. 45, 46), an inner

bell, which forms the insulator proper, is kept dry by the outer one. The
wire is laid in the notch, <?, and is held in position by a thin wire wound
round the groove in the neck. Figure 44 shows another form, composed
of an iron shield in which is cemented a porcelain capsule, forming the in-

sulator proper, from which depends a hook to which the line wire is

attached. In the United States the use of glass insulators still prevails to

a considerable extent, but they are inferior to porcelain. The Brooks in-

sulator, a much superior instrument, has, however, come into very general

use. It is formed of an inverted cylindrical cup of porcelain. The iron

hook for attaching the wire depends from its open mouth and is held in

place in the cup by a plug of sulphur, whicli is poured in while melted. The
porcelain cup is guarded by an outer shell or casingof iron of similar form.

This iron casing, to which the cup is secured by cement, is furnished with

a spike or screw, by which it may be attached to the arms of the post. The
surface of the cement within and without the porcelain cup is saturated

with paraffin. As this substance is repellent of moisture, a continuous film

of the latter will never form over the surface of this insulator. It eives

very satisfactory results on this account.

Underground Wires.—Greater security against interruption of commu-
nication by storms, snow, ice, and malicious interference, but at increased

cost of construction, is acquired by placing the wires underground. This

practice obtains in most European cities, and largely throughout Germany,
where extensive land lines connecting the chief cities and fortresses of the

empire have been in operation with entire satisfaction for the past ten years.

Such lines, when properly laid, are maintained at a comparatively trifling

cost. This reform is now only beginning to be adopted in the United

States, and the streets of American cities are still obstructed by overhead

wires and disfigured by unsightly posts, which practically have long been

banished from European cities.

First Underground Telegraph.—The first trials with undergroimd tele-

graph lines were made in 1846 by the Prussian lieutenant W. Siemens, but

these were far from being successful, because of the imperfection of the

insulation employed. The difficulty, however, was afterward completely

overcome when attention was directed to the production of insulated sub-

marine cables, and the first successful underground lineof any considerable

length was laid in 187 1 between London and Liverpool.

Submarine Telegraphs.—The first experiments to establish telegraphic
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coiiinuuiicatioii under water were made in 1839, but were unsuccessful,

owing to the defective nature of the insulation. This proved to be the

prime difficulty until gutta-percha was used. The first successful sub-

aqueous cable was laid across the Hudson River, between New York and

Jersey City, in June, 1848, by the Magnetic Telegraph Company. It was
followed in 1S49 by one laid in the harbor of Folkestone by Walker, whose
line extended from a steamship to the shore, a distance of 3600 feet. The
first commercially successful cable of considerable length was that laid in

the English Channel in 1851 between Dover and Calais. At the present

time submarine cables have been laid in all parts of the world. Of these

only the Transatlantic cables will be noticed.

Transatlantic Cables.—The idea of establishing telegraphic communi-
cation between Europe and America originated with Cyrus W. Field of

New York, who in 1S56 succeeded in forming a company to carry the pro-

ject into execution. The first attempt, in 1857, was a failure, owing to

the breaking of the cable 274 miles from the Irish coast while being laid.

In a second attempt, in 1S5S, the cable was actually laid, but it remained

operative only long enough to permit of the transmission of a few de-

spatches of congratulation, when it refused to act, owing, as was subse-

quently ascertained, to defective insulation. After the failure of the third

attempt, in 1865, by the breakage of the cable after 1213 miles had been
laid, the efforts to establish telegraphic intercourse between the two con-

tinents was at length crowned with success in July, 1866. The broken

cable of the previous year was also found again, and united with the Amer-
ican continent. Since that time submarine lines have multiplied, and are

now in successful operation in all quarters of the world. As yet no cable

spanning the Pacific Ocean unites the western shore of America with

China or Japan, but the completion of the girdle about the entire globe

will probably not long be delayed. There are now nine submarine North-

Atlantic cables between Europe and America, of which four belong to the

Anglo-American Telegraph Company (laid respectively in 1869, 1873, 1874,

and 1880), two to the Western Union Telegraph Company (iSSi and 1SS2),

one to the Direct United States Company (1875), one to the Compagnie
Fran^aise (1879), and the Bennett-Mackey Cable (1884).

Laying of Submarine Cables.—For the purpose of laying the oceanic

cables, the latter are formed into suitable lengths and stowed carefully in

great tanks prepared to receive them in the holds of steamships built spe-

cially for this service, and supplied with self-releasing paying-out appli-

ances so devised that the cable shall not be subjected to injurious strain.

Two vessels, for example, proceed to the task in mid-ocean, going in oppo-

site directions and paying out the cable as they proceed, until the terminal

connections at the shore ends are safely made.

Construction of the Cables.—Figure 47 {pi. 57) exhibits the construction

of the deep-sea cable of 1865, that of 1866 being substantially the same.

A cable formed of seven plaited strands of fine copper wire constitutes the

conductor. This is protected in the following manner: It receives first a



I

AND Telephones.] ENGINEERING. 359

coating of an insulating compound (called Cliatterton's compound) com-
posed of a mixture of gutta-percha, wood-tar, and resin. Over this comes

an accurately concentric primary layer of gutta-percha. Upon this come,

alternately, four tliiu layers of Cliatterton's compound and gutta-percha,

and over all these a covering of jute. The outer protective covering con-

sists, finally, of iron wires one-tenth of an inch in thickness, enclosed in

prepared manilla hemp and wound around the central core in long spirals.

The deep-sea portions of this cable had a diameter of i}4^ inches, while

the thickness of the shore-sections, where it would be exposed to the action

of waves, injury from icebergs, from anchors, etc., was increased to z)'.

inches by a heavier protective armor.

It was found, however, that the iron wires of the protecting sheathing

soon became corroded. In certain waters, also, the cable is exposed to the

attacks of worms, which penetrate between the protecting wires (/>/. 57,

fig. 48) and eat into the core. To avoid this danger, C. W. Siemens

adopted a plan of constructing submarine cables which Prescott describes

as follows: The copper conductor is first covered with a layer of Chatter-

ton's compound and then with two spiral layers of India-rubber. The
second layer is so put on that its joints are at an angle of about 90° to

those of the first one. The insulated core is then covered with another

layer of Chatterton's compound, and again with gutta-percha. The outer

envelope of the cable consists of a double layer of tarred hempen bands

wound spirally in opposite directions, and lastly of an outer metallic en-

velope composed of two copper strips wound on spirally, so that the turns

lap over one another. The covering of the later Atlantic cables is sub-

stantially like that of the 1865 cable, above described; the principal differ-

ence consists in dispensing with the tarred-hemp covering of the iron

sheathing and in galvanizing the iron wires composing the latter.

Cable Currents.—In the operation of submarine cables, their great

length and perfect insulation render it necessary to make provision against

the so-called " return currents," which manifest themselves in the slug-

gishness with which they part with their electrical excitation, and so exert

a disturbing influence upon the transmission of signals. Again, the sub-

marine cables with their insulating coverings may be compared, when in

an electrified condition, to a condenser or elongated Leyden jar, the gutta-

percha covering corresponding to the glass of the jar, the copper con-

ductor within the gutta-percha to the inside coating of the jar, and the

iron sheathing to the outer coating. When a current flows in the cable,

it induces in the outer sheathing an electrified condition of the kind oppo-

site from that flowing in the line wire, and this by reaction causes induced

currents in the latter. This phenomenon is termed "electro-static induc-

tion," and seriously interferes with the discharge of the line. To over-

come these difficulties, telegraphing through submarine cables is done

with comparatively feeble and alternating currents.

To Locate Faults or breaks in a telegraph-line several methods are

available. The one most commonly employed involves the use of the so-
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called "differential galvanometer" and a rheostat, or resistance coil. The
principle on which this method is based is that of passing a current of

known strength through a series of coils of German-silver wire, the resist-

ance of each of which is known, until the needle of the galvanometer

indicates that the resistance obtained is the same as that exhibited b)- the

defective line. The normal resistance of the line is, of course, supposed

to be known. The indicated resistance, when found bj' this mode of meas-

urement, therefore, corresponds to a given length of the line wire, which
gives the location of the fault.

The consideration of the subjects of duplex, quadruplex, and multiplex

telegraph s\-stems, by which two or many signals may be sent over a line

wire simultaneously and in opposite directions, and by which a notable

increase in the speed of transmission has been accomplished, would un-

duly extend this section. For the explanation of these modem improve-

ments the reader is referred to special treatises.

Train Tclcgi-ap/iy by Induction.—One of the most interesting recent

advances in telegraphy, that promises shortly to come into general use be-

cause of its great utility and convenience, is the maintenance, by several

ingenious methods, of communication between moving railway-trains and

fixed stations along the line. The practical application of telegraphy to

this service is due to several American electricians—notably, to Edison,

Gilliland, Phelps, and Smith. The principle involved is that known to

electricians as iiidiictioji^ in virtue of which an electric current traversing

a conductor will cause a current to be generated in a contiguous con-

ductor not in contact with it, and this inductive effect will be appre-

ciable in conductors at some distance from one another. There is no con-

tact or line conductor, the telegraphic communication being obtained

simply by the spontaneous reproduction in separate conductors of electrical

impulses similar in kind to those originally produced. This system of

train telegraphy, which has been introduced on the Lehigh Valley .Rail-

road, in Pennsylvania, has proved a valuable acquisition both in respect of

greater safety in the operation of the trains and in the convenience it

affords the travelling public.

The General Features of the System are as follows: A short-pole tele-

graph-line extends along the side of the railroad-track at about the distance

of 8 or 10 feet from the track. The poles, which are much smaller than

ordinary telegraph-poles, are from 10 to 16 feet high. At the top of each

pole is placed an insulator on which is strung a single galvanized-steel (or

iron) telegraph-wire. The equipment of the car is extremely simple,

mainlj- consisting in the use of an iron or brass rod or ttibe, about half an

inch in diameter, extending along on each side of the car, under the eaves

(or, instead of employing rods or tubes, in many cases the metal roof of the

car is used), and connected by an insulated copper wire with the battery

and instruments in the car, which are grounded through the wheels and

track by a single wire run through the floor, as shown in Figure 2 (//. 59),

in which A is the roof contact, B the rod or strip of metal, C the secon-
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clary or induction coil, D the double-pointed key with extra contact, E the

telephone receiver, /"the primary circuit, 6" the ground contact on axle-

box, and H the battery.

The InstriDuaits, which are small and compact, consist of a telephone
receiver (attached to the head of the operator), a small secondary coil and
"buzzer," and an ordinary telegraphic key. The last two are placed on
a board about 10 or 15 inches square, which is carried on the arm of the

operator {pi. 59, fig. 3). The battery is contained in a small box which
may be put in any convenient place. Figure i, which shows the train

telegraph-operator sending a message on a moving train, gives an excellent

idea of the system in actual practice. The sending apparatus is held in

the operator's hands, while the receiver is attached to his ear.

Adrantagcs of the System.—By the adoption of this system all trains

on the line of railroad employing it, whether they be in motion or at rest,

or whether they be on the main track or on sidings, are susceptible of be-

ing placed in instantaneous communication with the division tenninal sta-

tion, and orders may be despatched to any or all of them, regardless of their

position. Furthermore, not only the train-despatcher is enabled to com-
municate his orders to the trains within his division, but also the train-

officials are enabled similarly to communicate with the train-despatcher;

and the\- may thus reciprocally inform one another of any accident or other

unusual occurrence upon the line.

The system has the incidental advantage of so admirably controlling

the movements of trains that it affords a reliable- safeguard against collis-

ions. Under the ordinary system, if the station-operator neglects to give

an order when the train is at the station, the opportunity is gone, and a

serious accident may be the result. With telegraphic communication be-

tween fixed stations and moving trains, the neglect may be remedied at

any moment. Furthermore, on single-track roads, which are numerous in

the United States, the detention occasioned by holding trains to receive

telegrams from delajed trains moving in opposite directions may, by the

use of train telegraphy, be entirely avoided without incurring the slightest

risk, and thereby the capacity of these roads may be largely increased.

Moreover, by this system travellers may send and receive telegraphic com-
munications while in transit, which, though of minor value compared with

greater safety of train operation, is of importance as an element contribut-

ing substantially to the perfection of modern railway-travelling. Until the

advent of this system the traveller on a moving train was isolated; now he
is in constant communication with the outside world.

Briefly summarized, the advantages claimed for this most ingenious and
novel extension of the art of telegraphy are as follows: It will render it

possible to move trains safely at shorter intervals and with greater immu-
nity from accident than any system heretofore devised; its first cost and
expense of maintenance will be much less than are required for any other

thoroughly efficient system; it will have the immeasurable advantage of

enabling the train-despatcher to communicate distinct and definite orders
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to any and all trains, wherever they may be, while the range of any sig-

nalling system, no matter how perfect, must necessarily be limited to a few

prearranged orders at fixed points.

The art of telegraphy has become a necessary' factor in the conduct of

public and private business, and plays an important part in the conduct of

military operations. To meet the requirements of modern warfare, a spe-

cial branch of telegraphic service, termed "field telegraphy," has been

devised, and developed to a high state of efficiency. Furthermore, the use

of the telegraph for the transmission of simultaneous meteorological obser-

A-ations made at various distant points has proved of the utmost value to

agriculture and commerce.

Telephones: Reis^s Musical Telephone.—Since 1876 there has come
into use in all civilized countries an important modification of the electric

telegraph by which articulate sounds are transmitted over considerable dis-

tances. The apparatus employed is known as the telephone. The first

approach to a practical acoustic telegraph was made by Philipp Reis, a

German, as early as i860, who devised the apparatus shown in several

modifications on Plate 59 {figs. 4, 5), by which musical sounds were trans-

mitted and reproduced at a distance; but it is still a question whether his

apparatus ever transmitted and reproduced articulate sounds.

Bell Telephone.—The practical introduction of the art of telephony

unquestionably dates from 1876, when Alexander Graham Bell, an Amer-
ican inventor, displayed his articulating telephone {fig. 7) at the Centennial

Exhibition held in Philadelphia.

Extension and Improvement of the System.—Since its introduction the

telephone has become one of the necessities of modern civilization. i\t

first the imperfection of the apparatus and the methods employed limited

its use to comparatively short intervals, but at present telephone-lines are

working satisfactorily over distances of several hundred miles, and the in-

habitants of cities such as Philadelphia, New York, Boston, etc., may by
this means converse with one another without difficulty. This of itself

suffices to indicate the perfection to which the art of telephony has been

brought.

The Telephone.—The details of the system will be found fully eluci-

dated in the volume on Physics, to which the reader is accordingly referred.

It ma}-, however, suffice here to indicate in a general way the three essen-

tial elements of the method—namely, the telephone, the transmitter, and
the exchange-table. Figures 6 and 7 exhibit, respectively, the receiving

apparatus and the transmitting apparatus. The telephone {fig. 6) consists

of a thin metallic diaphragm (E) suitably fixed in a wooden frame (F), and
having a bar of magnetized iron secured in the stem of the instrument at

right angles to the diaphragm (A), and in such a manner that it may be

adjusted. The magnetized bar is never in actual contact with the dia-

phragm. The bar is, furthermore, surrounded by a coil of insulated wire

at the extremity next to the diaphragm (B), and this coil is connected both

with the line wire and with the ground (C, D).
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Principle of Operation.—When sounds are thrown into the mouthpiece
of the instrument, they cause vibrations of the diaphragm, and, as the dia-

phragm—which is formed of a thin flexible sheet of iron—is made by these

vibrations to approach nearer to and recede farther from the magiijetized

bar, fluctuations in the magnetism of the bar are thereby produced. These
fluctuations are reproduced by induction in the coil surrounding the mag-
net, and by this are transmitted over the line wire to the other terminus,

where they cause exactly similar vibrations in the diaphragm of the receiv-

ing apparatus, and where, by a reversal of the process above described,

there are produced the same sounds that were projected into the apparatus

at the transmitting end. The process, then, consists in the conversion of

the sound-waves, in the first instance, into electrical waves, the transmis-

sion of these over the line wire, and the reconversion of these electrical

waves at the other end of the line into sound-waves of the same character

as those projected into the transmitting end. Thus articulate speech is

conveyed over great distances and intelligibly reproduced with astonishing

accuracy. In actual practice the receiving apparatus is a modification of

that just described, but the principle of its operation is substantially the

same. A detailed description of the various parts of the devices employed
would too greatly extend this account.

The Telephone Exchange is a system by which the participators in a

local telephone service are brought into communication with one another

at will through the intervention of a central office, or exchange, with which

the wires of each subscriber are connected. When one wishes to converse

with any other, the central office, being signalled for the purpose and told

the number wanted, places the caller in telephonic communication with

the desired subscriber.

The Long-distance Telephone, by which acoustic communication is

maintained between places one hundred, and even two hundred, miles

apart, is operated on substantially the same principles, save that in this

system it is found necessary to operate with a complete return metallic

circuit, or double line.

VI. AEROSTATION.

While the Plates devoted to the subject of locomotion represent vehicles

that have been proved upon the touchstone of practical application, Plates

60 and 61 illustrate those inventions which, regarding their mode of action

as motive carriages, have thus far achieved only indifferent success.

The ascent of balloons and their movement by and with the winds no

more solve the problem of aerostation than the launching and rocking

of a rudderless and oarless boat tossed by waves and driven by currents

solve the problem of navigation. The desire to move in the air like the

bird, to strike out at will in this or that direction, and to keep a predeter-

mined course as the locomotive on the railroad or the vessel on the river or

sea, has long been cherished, but still remains unsatisfied. The attempts

to realize this desire have been made chieflv in two directions. The first
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has been to take as a model the flight of birds, bats, and insects, and to

construct flying-machines; and the second, to imitate the swimming of fish

and to make the balloon guidable.

Aerostats.—The ordinary balloon, which is given a more or less spher-

ical, ^•g^-., or pear-shaped form, rises vertically in a calm, and when there

are air-ciirrents ascends in a curved track which, with increasing height,

approaches a horizontal line. At a certain elevation it remains suspended

or moves in the direction of the prevailing wind. That this phenomenon
is caused by the difference of the specific gravity of the filled balloon and

the quantity of air displaced by it, and that it is identical with that which

is presented by the motion of a piece of wood, or other object specifically

lighter than water, ascending from the bottom of the sea, was known before

aerostation became a science.

Tlic Invention of tJie Balloon is claimed for the Portuguese Don Guzman,
who in 1736 is said to have made an ascension in a paper balloon filled with

"fire-air," though the missionary Vassou is authority for the assertion that

a balloon ascended in Pekin in the year 1306. The invention, however, is

commonly assigned to the year 1783, when the brothers Stephen and Joseph

Montgolfier of Annonay, near Lyons, France, made a practical demonstra-

tion of the capability of a light vessel filled with heated air to rise freely in

the surrounding atmosphere.

Scheme of Francis Lana.—After the discover}', in 1643, by TorricelH,

of the gravity of the air, with which the invention of the balloon was evi-

dently connected, a scheme for aerial navigation was proposed by a Jesuit,

Francis Lana, in a work entitled Prodromo delV Arte Maestra (Brescia,

1670). He suggested the employing of four very large copper balls or

globes so thin that when exhausted of air they would readily rise. Each
globe was to be about 25 feet in diameter and 2^^ of ^^ '\\\c\i in thickness;

the four balls together would have an ascensional force of about twelve

hundred pounds, which would be sufficient to raise the sails with which

the machine was to be furnished, together with the gondola and its occu-

pants. As he proposed to exhaust the air by producing a Torricellian

vacuum, he was evidently ignorant of the invention, in 1648, of the air-

pump by Otto von Guericke. In 1678, Sturm of Altdorf, near Nuremberg,

also pursued this idea, and after Cavendish's discovery of hydrogen gas, in

1766, Professor Black of Edinburgh clearly expressed the theory that, on

account of the small specific gravity of this gas, a light envelope filled with

it would ascend in air. This theory was confirmed in 1782 by the experi-

ments tried by Kratzenstein, Lichtenberg, and Cavallo with soap-bubbles

filled with hvdrogen gas.

Lana's and Sturm's ideas were, of course, practically of no value, since

the pressure of the exterior air would immediately have caused the copper

balloon to collapse. To resist the external pressure, a reser\-oir which is

to be made lighter by pumping out the air will require such thick walls

that its weight will far exceed the admissible limit. But since the discov-

ery of hydrogen gas—which, while exerting a pressure equal to that of the
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atmosphere, weighs onl\- one-fourteenth as much— it is remarkable that

the idea of using a containing vessel made of some light substance like

paper, instead of the soap-bubble employed for the purpose, did not suggest
itself.

First Hot-air Balloon: Montgolfih-e.—The Montgolfiers, who were
paper-manufacturers, and who were distinguished through their contrivance

of the hydraulic ram, probably did not fully comprehend the princij^le of

their invention; certainly they did not develop it so far as to use specifi-

cally light gases, etc.; but, as is well known, they received the happy in-

spiration for their invention by observing the ascending and moviu"-

clouds. "If such a cloud could be enclosed in a light envelope, this en-

velope would be carried through the air." This conclusion was the result

of correct observation. "And as smoke "—thus, no doubt, further reasoned

the inventors—"ascends like a cloud and moves onward, all that is

required to raise a light balloon of paper or linen is to cause the smoke to

pass into it from afire kindled beneath." Paper, however, being too liable

to tear, and the meshes of linen being too open, the iMontgolfiers con-

structed a linen balloon lined with paper. On June 5, 17S3, a globe of

this description {pi. 60, y?^-. i), nj feet in circumference, inflated with hot

air and gases of combustion, ascended at Annonay to the astonishing height

of 1600 feet, and in ten minutes descended one and a half miles from its

starting-point. This was the first successful experiment with the balloon,

and the news of the event spread rapidly through all the countries of

Europe. The balloon invented by the rklontgolfiers was called a "fire-

balloon," or, as styled by the French, a iiiontgoljihre.

It is worthy of notice, in respect of the position of empiricism and

science toward invention, that the Montgolfiers believed that the ascent of

the balloon was caused by the smoke and gases of combustion with which

it was inflated, and that they did not recognize that the balloon owed its

lifting-force to the air expanded and made lighter by the heat of the

smoke.

Experiments icitJi Hydrogen Gas.—Science had now taken hold of the

problem—or, rather, was led by the Montgolfiers in the right direction,

long sought, but never before found. With the correct interpretation of

the phenomenon of the rise of the hot-air balloon, the use of hydrogen sug-

gested itself; but there were doubts, from a scientific standpoint, of the

possibility of preparing a sufiicienlly light and dense envelope to retain it.

There were also fears of the inflammability of the hydrogen evolved in

large quantities. The venture seems small enough at the present time,

when we see hundreds of toy-balloons filled with hydrogen, or with ordi-

nary illuminating gas, carried about and occasionally flying in the air.

We know, however, that the permeability of the india-rubber of which

they are made soon renders them useless, and therefore can form a conclu-

sion as to the diflSculty at that time of preparing a gas-tight balloon of

large dimensions—a task which even at present it is by no means easy to

accomplish.
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Two brothers of the name of Robert, directed b}' I\I. Charles, professor

of physics at the Conservatoire in Paris, endeavored b}' the use of taffeta

covered with a thick coat of resinous varnish to fabricate a more dense, but

nevertheless sufficienth- light, envelope, and to give the balloon a firmer

construction by covering it with a network of cords to which a gondola

might be suspended. In the course of the first years of their experiments

they filled with hydrogen gas and liberated a number of balloons, whose
aerial flights were followed by the public with intense interest. This in-

terest arose as much from the fantastic dreams and sanguine hopes which
were associated with the near future of aerostation as from the more earn-

est reflections and quieter expectations which were induced b}' the prospect

o£ a profitable application of the balloon to scientific purposes and to stra-

tegical and other practical uses.

First Hydrogen-gas Ballocm: Charliere.—The first "air-balloon " was
sent up from the Champ de Mars, in Paris> August 27, 1783. This balloon,

13 feet in diameter, manufactured by the brothers Robert according to

directions of M. Charles and inflated with hydrogen gas, rose rapidly about

3000 feet. At the expiration of three-quarters of an hour it fell in a field

about fifteen miles from the place of its ascension, where it was discovered

by some peasants, who, fearing it was some uncanny thing that might do

them harm, immediately tore it in shreds. A balloon of this description

was then called an "air-balloon," because at that time hydrogen gas was
known by the name of "inflammable air;" by the French the hydrogen

balloon was styled a charliere.

First Aeronauts.—The first year after their invention the INIontgolfiers

were frequently engaged in sending up balloons filled with smoke or hot

air. These ascensions, which were accompanied by festivities and the

thunder of cannon, were watched with enthusiastic interest not only by
Frenchmen, but also by the entire world. On tlie 19th of Septeniber,

1783, the Annonay experiment was repeated by Joseph Montgolfier at Ver-

sailles in the presence of the king, the queen, the court, and an immense
concourse of spectators. Below the balloon there was suspended a basket

or cage in which had been placed a duck, a cock, and a sheep. The bal-

loon rose to the height of about 1500 feet, and, with the animals—which
were thus the first aeronauts—descended in safety two miles from the

starting-point.

Pil&tre de Rosier., a young naturalist, was the first human being who
ascended in a balloon. On October 15, 1783, and on several succeeding

days, he mounted the gondola attached to a inontgolfierc and made several

experimental ascents at moderate heights, the balloon being held by ropes.

He now resolved to undertake an aerial voyage in an unconfined balloon.

Notwithstanding the opposition of Louis XVI., who at first would only

consent that two condemned prisoners might be allowed to venture, De
Rozier succeeded in overcoming the king's objections and obtained per-

mission to undertake the voyage. On November 21 of the same )-ear, in

company with the marquis D'Arlandes, he ascended from Paris in a free
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monlgolfii;rc {pL 60, Jig. 2), and after rising to a height of 3000 feet

descended in safety five miles from the starting-point.

On December i, 1783, MM. Charles and Robert ascended from Paris in

a free hydrogen balloon to the height of about 2000 feet, and, after remain-

ing for some time at that elevation, descended at Nesle, about twenty-six

miles from Paris, where M. Robert left the gondola, and M. Charles as-

cended alone to the height of about two miles, and in half an hour de-

scended three miles from the starting-point.

Early Experiments in America.—That the interest in the subject was
not confined to European countries is evidenced by the fact that about this

time experiments in the same direction were made in Philadelphia. Two
members of the American Philosophical Society, David Rittenhouse and

Francis Hopkinson, made some experiments by connecting a number of

small balloons inflated with h\drogen gas. After successfully sending up
this combination, which was attached to a rope, a carpenter named James
Wilcox was induced to make an ascension with them. He rose to the

height of several hundred feet, but, becoming alarmed, he made, accord-

ing to instructions, an incision in several of the balloons, whereupon he

descended without serious injury.

Blancliard' s Balloon.—M. Jean Pierre Blanchard, who prior to the ex-

periments of the Montgolfiers had made unsuccessful attempts to construct

flying-machines, and who subsequently became distinguished as an aeronaut,

endeavored, imiuediatety after the invention of the balloon, to make it

available for long voyages. Not meeting with suflficient encouragement

and assistance in France, he went to England, and, accompanied by an

American, Dr. John Jeffries of Boston, on January 7, 1785, made the voy-

age to Calais from the chalk cliffs of Dover. It cannot be stated with cer-

tainty that the balloon used by Blanchard for this voyage had the same

form of construction as that shown in Figure 3, in which he made an as-

cension from Paris, March 2, 1784. It will be seen that it is provided with

a parachute as well as with a rudder, which Blanchard considered very

important. The net carrying the gondola had, however, been already used

by Profes.sor Charles for his first balloon.

De Rozicr^ s Double Balloon.—On June 15, 1785, Pilatre de Rozier

—

who, as has been previously stated (p. 366), was the first to rise in a bal-

loon—made his last, and to him fatal, ascension. It was his intention to

cross from Boulogne to England, in imitation of the voyage of Blanchard

and Jeffries, though in an opposite direction. For this purpose he con-

structed a double balloon by suspending a montgoljih-e 10 feet in diameter

beneath a cJtarlierc 37 feet in diameter, so that by controlling the fire be-

neath the former he could increase or diminish the ascensional power at

pleasure without waste of gas. Rozier was accompanied by a young man
named Romaine Laiue, and for thirty minutes after their ascent everything

betokened a successful voyage, when suddenly the entire apparatus was

observed to be in flames, caused by the ignition of the gas, which either

descended to the fire from the upper balloon or was reached by the fire ris-
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ing from the lower.' By this accident both adventurers lost their lives,

being precipitated upon the rocks near Boulogne from a height of about

3000 feet.

First Application to Military Purposes.—This disaster, being obviously

the result of carelessness, did not deter others, and there followed in rapid

succession numerous ascensions, generally of the character of exhibitions by
athletes and circus performers, though actual aerial voyages to predeter-

n'lined distant points were occasionally attempted. The higher useful ap-

plication, however, still remained in the projective stage until 1794, when
the balloon was first used for military purposes during the war of the

French republic against Belgium. In the battle of Fleurus two companies

—the so-called aerostiers, especially organized for this purpose—recon-

noitred, although without important results, in the manner shown in Fig-

ure 6 {pi. 61). In the civil war in America (1861-1865) a regularly organ-

ized balloon corps was employed, which operated with some success in

reconnoitring.

First Application to Scientific Purposes.—The first application of the

balloon to more earnest scientific purposes was made in Germany in 1803.

On the i8th of July, Robertson and Lhoest ascended in Hamburg, and

after remaining five and one-half hours in the higher regions descended

near Hanover, enriched by many observations in regard to frictional elec-

tricity, galvanism, sound, boiling-point, heat of the sun, and optical and

physiological phenomena. For this ascension the balloon {Jig- 6) which

was used in the battle of Fleurus, and which Robertson had purchased,

was employed.

Importance of the Montgolficrs'' Discoveries.—Reference has been made
to the fact that to the brothers Montgolfier belongs the merit of being the

inventors of the envelope which, when filled with hot smoke, heated air,

or specifically light gas, forms the balloon, or aerostat. This merit should

' In most works on aerostation this is said to have been the cause of the disaster. G. May, in his work

on Btillooiihig (London, 1S85), says: The m.irquis De Maisonfort wished to accompany them. lie cast

into the hat of Pilatre a rouleau of two hundred louis and placed his foot in the boat ; but the aeronaut

gently pressed him back, saying, " I cannot take you with us, for we are not sure of the wind nor of tlie

air-craft, and we desire to risk only our own lives." Maisonfort— fortunately for himself—remained a

simple spectator of the departure, and it is to him we owe the exact account of the drama enacted under

his eye, which is as follows :

A few minutes after their dejrarture the voyagers were assailed with a contrary wind, which threw

them toward land. It is probable tliat, in order to descend and seek a more favorable current of air wliich

might lead them on to the Channel, De Rozier pulled the valve of the balloon, but the cord attaciied to

this v.alve was very long—it was not less than 100 feet, as it passed from the boat placed below tlie viont-

goljih-e up to the top of the balloon^and it consequently acted with difficulty. The verj' severe friction

which it occasioned tore the valve. The material of the balloon was weakened by the great number of pre-

liminary trials which had been made at Boulogne, and several attempts at departure. It was torn near the

valve, and the rent extended over many feet ; the valve fell inside, and the balloon was emptied in a few

moments. There was, therefore, no inflammation of the gas (.is has been repeatedly stated) when sus-

pended in the atmosphere. It was noticed after the fall that the stove under the moiilgolfilre had not

been lighted. The real cause of the tr.agedy was in the balloon being emptied of its hydrogen, falling

over the montgolfiere, and the weight of the whole mass being dragged with terrible velocity to the earth.

—Ed.

I
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not be underestimated, for the invention would not liave been accomplished

had not the idea been recognized that such a balloon must have a consid-

erable diameter, and had not practical difficulties in the way of preparing

a sufficiently tight and firm envelope of such enormous dimensions been
successfully overcome. In fact, the first nioiitgoljierc had a diameter of

over 39 feet and weighed about five hundred pounds. The idea of utilizing

the flight of the clouds or the ascension of the smoke must certainly be

called ingenious.

Charles' s Improvements in Balloon Construction.—However, with the

improvement above named, monts;olfu'res came in course of time to be en-

tirely abandoned, and subsequently have been used only for amusement,
while the charlih-es formed the basis of the more perfect constructions for

aerial voyages and more earnest purposes. Charles, in connection with

Robert, had also provided the balloon with the accessories absolutely re-

quired for safer ascensions and vojages. He devised, as above noticed, the

net to carry the gondola; and to diminish at will the internal pressure of

the gas, which was liable to cause explosions, as well as to discharge the gas

for the purpose of descending, he arranged in the vertex of the balloon a

suitable valve which as required could be opened and closed by the voj'ager

b\- means of a rope carried through the balloon. He used as the material

of his balloon taffeta made impermeable by the application of a solution

of rubber; he provided ballast, an anchor, and an instrument for measur-

ing the altitude.

Ttic Use of Ballast was suggested by practical experience gained in

Charles's first voyage (p. 367), when he found that the balloon, suddenly

relieved of the weight of one hundred and forty-three pounds as his com-
panion Robert left the car, ascended again with lightning rapidity to a

height of about two miles.

Hydrogen—for the use and preparation of which in great volumes

Charles was especially distinguished—however, was gradually displaced by

the cheaper, though not quite so suitable, illuminating gas, and the use of

this material became more general as city gas-works increased in number.

The .seven to eight times greater specific gravity of illuminating gas as

compared with hydrogen was counteracted by constructing larger balloons.

Illuminating gas was first used for this purpose by the Englishmen Cox-

well, Charles Green, and his son George, who made a great number of

ascensions and aerial voyages.

Green'' s Great '''•Nassau Balloon.'''—Figure 7 {pi. 60) represents the bal-

loon used November 7, 1836, by Charles Green for his voyage from London to

Weilburg, in the duchy of Nassau, in which he made the distance of about

five hundred miles in nineteen hours. Green was accompanied in this

journey by Robert Hollond and IMonck Mason, the latter of whom pub-

lished a very full and interesting account of the trip. The balloon con-

tained about 85,000 feet of gas; it was subsequently named the "Nassau

Balloon," and acquired great notoriety through its frequent ascensions.

The very large balloons constructed by Green and Coxwell (one by the

Vol. v.—24
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latter, which ascended in 1851 at Leipsic, had a height of 66 feet and avol-

nnieof 35,000 feet) were, however, far surpassed b)- that sent up in Paris by

Nadar in October, 1863.

Nadar's Balloon, "Z^ Gtant,''^ contained more than 211,000 feet of gas

and carried a two-story wicker-work gondola, with physical instruments, pho-

tographic apparatus, food, beds, toilet-tables, etc. The unfortunate accident

{pi. 60, Jig. 11) which occuned near Nienburg, in Hanover, at the descent

of this balloon, which carried nine persons, excited universal interest. The
voyagers—among whom, besides Nadar and his wife, was the well-known

aeronaut Godard, who acted as steersman or captain—could not provide for

a sufficient escape of the gas. Hence the balloon, descending only suffi-

ciently to allow the heavy gondola to drag on the ground, was carried by a

strong wind over hedges and ditches, damaging buildings, destroying rail-

road embankments, and breaking telegraph-wires, until finally it remained

suspended in a forest near Rethem. The " Geant " made three more as-

censions in 1867. Figure 4 represents a still more disastrous catastrophe

than that which happened to the "Geant"—namely, the bursting of the

"Neptune," which, with the valve closed, was caught by a storm while

held by a cable.

Balloon Inflation.—Figure 8 shows the process of getting a balloon

ready for a voyage. The balloon is seen already filled, but held down by

its net, with the aid of sand-bags. Near by are seen the large gasometers

from which the supply of gas has been taken. The cables thereupon are

freed from the sand-bags and connected with the car, meanwhile b^ing

held fast by three or four ropes in the hands of attendants, who, on receiv-

ing the signal from the aeronaut, let go simultaneously, and the balloon

starts ofl[ on its aerial voyage.

Captive Balloons.—To be sure of the course the balloon would take, it

was customary, before making a vo>age, to send up small balloons, and to

wait until they took the desired direction. Aeronauts, however, frequently

risked the experiment of finding an altitude where the direction of the wind

would afford the required horizontal motive-force, the opinion being held

that, according to observations (which, generally speaking, have proved

correct), air-strata at different altitudes move in the most varj'ing directions.

These experiments have not, however, been uniformly successful. Even

in making a simple ascension the place of landing could never be deter-

mined previously with any certainty; still less could the balloon be kept

suspended at a certain point, which would have been very desirable for

making scientific observations. Finally, to effect the descent, the costly

gas had to be discharged and wasted when its retention might have been

of great advantage. The attempt has recently been made to obtain all

these favorable conditions by holding the balloon captive.

Strictly speaking, the balloon used for military purposes {pl.Giy Jig. 6)

is a captive balloon; but the purpose in view is to consider balloons which

are held captive and are let up and drawn down by machine-power. Be-

sides its own weight, such a balloon must carry the occupant of the car and
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the weight of a long cable reaching to the earth. Hence, under otherwise

equal conditions, its carrying-power must be considerably greater than that

of a free balloon, and it must, therefore, either be made more voluminous

or be filled with a lighter gas—that is, with hydrogen instead of illuminat-

ing gas.

Gtffard^s Balloon.—By combining both these expedients, the captive bal-

loon constructed in 1869 in London (/>/. 61, fig. 5) was made a giant carr)'-

ing an omnibus-like gondola. Its diameter was 120 feet and its volume

not less than 425,000 cubic feet. It was twice as large as "LeGeant,"
previously mentioned, and two and two-fifths times as large as the one at

the Paris E.xhibition of 1867. The filling of such a large balloon with

illuminating gas being very costly, and with hydrogen gas still more so,

its constructor, Gififard, was very successful in his endeavors to prepare as

light an envelope as possible, using two layers of linen and one of muslin,

with layers of caoutchouc between them, and over all seven layers of caout-

chouc and oil varnish. By this the weight of the envelope alone was increased

6160 pounds, but the fabric was so impermeable that for weeks no addi-

tional gas had to be supplied. The balloon was placed in a canvas-covered

frame building, and was secured to a cable about 2100 feet long, which was

carried over a guide-pulley, placed underground, to the drum of a steam-

windlass. In ascending, the balloon unwound the cable, and was drawn

down by it without the necessity of discharging any gas. Financially the

enterprise was not a success, especially as, after having been in use but a

few weeks, a heavj' storm and the carelessness of the engineer caused the

breaking of the cable and the escape of the "captive," which had to be

captured and refilled. Similar enterprises have been attempted, and with

considerable I'cla/, at several more recent exhibitions.

The relation of a captive balloon to the currents of the wind differs en-

tirely from that of a free balloon. While the latter yields to the shocks

and pressures of the storm and the aeronaut scarcely feels them, every

shock of the wind is disagreeably felt in the captive balloon; and if it be

not quickly hauled down by* the cable, it is liable to get into the critical

situation already described, and illustrated in Figure 4 {pi. 60).

Dirigible Balloons.—Shortly after the invention of the balloon it was

confidently believed that means for its successful guidance could readily be

devised, and consequently sails and rudders (with which Blanchard's bal-

loon, yf^^ 3, was provided) were at first employed. But the.se naturally

proved useless, since, instead of combating the wind, they presented to it

additional points of attack. A vessel on river or sea is able to advance

against the wind by means of the sails, since tacking can be effected by the

rudder operating against the resistance of the water.

Similarly, steering, after a fashion, may be accomplished in aerostation

with the help of a resistance supplementing that of the air. A project of this

kind by an anonymous aeronaut is represented in Figure 7 {pi. 61). The
balloon, provided with sails and secured to a rudder floating in the sea, is

sufiSciently distended to tighten the towing-ropes in a calm without raising
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the rudder to any extent. With a rising wind, it is moved forward with

the assistance of the sails. By placing the rudder, by means of the towing-

lines, parallel to the direction of the wind, the balloon, with but a small

resistance to overcome, will be moved exactly in the direction of the wind.

By placing the rudder horizontally at right angles to the course of the wind,

the balloon is also moved in the direction of the wind, but more slowly, be-

cause of the greater resistance afforded by the rudder. By placing it, how-
ever, obliquely to the direction of the wind, the balloon must take a course

deviating more or less from the direction of the latter; and hence to a cer-

tain e.xtent the direction and the rapidity of its motion are under control. On
account of the artificial resistance the balloon receives, however, a wind-

pressure of considerable energy might readily bring about a catastrophe like

that mentioned in describing the captive balloon [pi. 60, fig. 4). INIoreover,

by giving a special form to the balloon, a species of steering—that is, the

bringing about of a movement in another direction than that of the wind

—may also, without aid from any external resistance, be effected by the

resistance of the air itself. The term "fish-shape" or "cigar-shape" is

applied to such forms as are illustrated in Figure 9.

By uniting with this construction a trapeze formed by ropes hanging

vertically from the ends of the balloon and connected parallel to the longi-

tudinal axis by a bar, and by further suspending to this bar a heavy gon-

dola, or car, in such a manner that it may be shifted backward and for-

ward upon it, then, in ascending in a calm, a different direction from the

vertical may be taken in consequence of the gondola being shifted into an

oblique position in reference to the axis of the balloon, the resultant of the

two components—the upward impelling force and the resistance of the air

—

in this case being in a direction other than the vertical. By combining

this motion with an alternate ascent and descent, a horizontal advance in

a calm and against the wind becomes possible; it will take place in a zigzag

track laid in a vertical plane.

The alternate ascent and descent are effected, respectively, by throwing

out ballast and letting out gas, and also by the use of the air-reservoir.

This air-reser\'oir is a second balloon, placed in the interior of the main

balloon and charged with air, which, being specifically heavier than that at

higher altitudes, enables the aeronaut by its partial discharge to render the

aerostat relatively lighter, thus imparting considerable ascending-power.

This contrivance was proposed and experimented with by IMeunier shortly

after the invention of the balloon.

Jou/ie's Systetn.—The plan proposed by Joulie is, however, more effect-

ive. A reservoir of gas attached to the gondola and communicating with

the balloon, by a pump and flexible tube is made to receive a quantity of

the gas in a compressed state by the action of the pump, or to deliver it to

the balloon, as may be determined, the ascending-power of which is de-

creased in the former case and considerably increased in the latter; the

alternate compression and dilatation of the gas thus effect respectively the

descent or ascent of the balloon without the discharge of gas or ballast.
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Propellers.—The rudder is effective only in case there is a propelling

apparatus operated by some form of motor. An apparatus of this kind will

work the more advantageously the less resisting surface it offers to the wind
counteracting the motion. Its most suitable form of construction thus far

has been that of the propeller, or ship-screw, which, to be at all effective,

on account of the comparatively small surface, requires to be given a great

velocity of rotation. Fully recognizing this, modern inventors have

adopted for dirigible aerial vessels screws similar to those in Figures i to 3

(//. 61), arranged between the balloon and car. The cigar- or fish-shape

has also been preferred for these dirigible balloons, for the reason that

though, under otherwise equal circumstances, the ascending-power depends

not on the form, but on the volume, the resistance of the air to be over-

come is the smaller the less the cross-section of the balloon that is pre-

sented to it in the direction of the motion. The form that presents the

least cross-.section—that is, the fish- or cigar-form—is therefore the best for

the purpose in view.

It is worthy of notice at this point that the earliest correct suggestions

for controlling the movement of balloons emanated from the Francis Hop-

kinson above named. Rewrote a letter to his friend Dr. Benjamin Frank-

lin, dated Philadelphia, May 24, 1784, in which he recommended that the

balloon should be made oblong instead of spherical, and that it should be

provided with a large and light wheel at the stern. The letter continues:

" This wheel should consist of many vanes, or fans, of canvas, whose planes

should be considerably inclined witli respect to the plane of its motion, ex-

actly like the wheel of a smoke-jack. If the navigator turns this wheel

swiftly round by means of a winch, there is no doubt but it would (in a

calm, at least) give the machine a progressive motion, upon the same prin-

ciple that a boat is sculled through the water." Nearly seventy years

elapsed before these suggestions were reduced to practice.

Giffard^ s Dirigible Balloon.—Giffard had already experimented in 1852

with a construction of this kind {fig. i). Giffard's aerial vessel was pointed

at both ends, and was filled with illuminating gas. Beneath it, and sus-

pended therefrom by cords, was a longitudinal shaft carrying at one end a

triangular sail. This could be turned about a vertical axis, and was de-

signed to .serve the purpo.se of a rudder. At a distance of about 20 feet

below this shaft was suspended a platform of wood, on which was placed a

small steam-engine which actuated a screw-propeller. The weight of the

balloon and its machinery was nearh' fourteen hundred pounds. With
this machine Giffard made several voyages, and was able to make percep-

tible headway against a strong wind, and to guide the vessel in an\- desired

direction. The danger from sparks from the furnace, however, made these

experiments, as may be imagined, extremely hazardous.

Porter's Dirigible Balloon.—Rufus Porter of Washington next appeared

with a satisfactorily-working model, and later on with a gigantic air-ve.ssel

{pi. 60, Jig. 9). Its balloon had a length of nearly 163 feet and a greatest

diameter of about i6>^ feet. Its car formed a saloon 59 feet long by S^'^ feet
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wide and liigli, and the motive-power was supplied by a double-cylinder

steam-engine of four-horse power. On the trial-trip of the apparatus it

was, however, found that the linen used in the envelope had been so rotted

by the varnish with which it was coated that it allowed the hydrogen gas

to escape; and a satisfactory trial of the device does not appear to have
been made.

Later on, Mariott, in California, constructed a similar air-vessel, with

which, it was claimed, satisfactory experiments were made, July 2, 1869,

b)- the "Aerial Steam-Navigation Company;" but nothing seems to have
been done thus far in regard to the proposed building of a larger vessel.

De Louie's Dirigible Bal/ooii.—In consequence of the interest in aero-

nautic experiments awakened by the siege of Paris, Dupuy de Lome designed

the apparatus seen in Figure 2 (//. 61). A large vessel with a balloon hav-

ing a capacity of about 123,500 cubic feet was constructed according to

this design, and on February 2, 1872, made a successful trial-trip to Fort

Vincennes. The balloon was filled with hydrogen, and the car carried four-

teen persons, of whom seven at a time were employed in working at a cap-

stan which controlled the shaft of a propeller having two wings each 10

feet in length. With this apparatus a speed of six miles per hour was
attained, and a deflection of twelve degrees from the direction of the wind.

The motive-power was less efficient than that employed by Giffard.

Haetilein's Dirigible Balloon.—A satisfactory trial-trip is also said to

have been made in 1873 in Briinn with a similar construction patented in

1865 by Haenlein. This vessel was provided with a supplementary air-

reservoir, or air-pocket, the principal object of which was, however, to keep

the balloon tense even when gas was withdrawn from it. Gas was, how-
ever, uninterruptedly withdrawn by the gas-engine which supplied the

motive-power. This motor was of somewhat peculiar type, having four

cylinders, and possessing other special features designed to secure lightness.

The decrease in ascending-power caused by the withdrawal of gas for driv-

ing the engine was to be compensated for chiefly by the evaporation of

the water used for cooling the cylinders of the machine, and further by
throwing out ballast.

J/o/ors.—All the experiments made in this direction have demonstrated

that rudders used with the application of motive-power allow sufficient

steering of an aerial vessel in a calm, so that motion in any desired direc-

tion ma)- be effected; and it is claimed, also, ,that satisfactory progress has

been made in a calm air and with a moderate wind. But considerable cur-

rents of air cannot be overcome, and, besides, the carrying-power is greatly

reduced by the weight of the motor. The solution of the problem of con-

structing a motor which with the required power shall be considerably

lighter than those existing at the present time would bring the question

of the practicability of guiding aerial vessels nearer its solution. Alu-

minium, on account of its lightness, may furnish the material desired, but

on account of its high cost it cannot yet be made available.

Gas-)iioloy.—Haenlein considers the gas-motor as best adapted for the
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purpose, and the use of hollow parts in the construction of the engine as the

most effective method for reducing weight to the lowest degree, this being

not only in imitation of the hollow-boned skeleton of the bird, but also in

accordance with a true dictum of the doctrine of strength. Besides, the

hourly consumption of gas amounts only to 25 cubic feet per horse-power;

so that a volume of, say, 150,000 cubic feet would not be notably decreased

in an ordinary run.

Tissandicr^s Electric-motor Balloon.—Tissandier, a French savant, and

a pupil of GifTard, was the first to conceive the idea of employing electri-

city as the motive-power for a navigable balloon in place of steam- and

hand-power. The source of electrical energy which he used was the stor-

age-battery. His first trial was with a small experimental balloon of elon-

gated form, which, when inflated with hydrogen, preserved an ascensional

force of 2 kilogrammes (4.4 pounds). With the storage-battery cell was

connected a miniature motor of the Siemens type (weighing about one-

fourth of a kilogramme, or less than a half-pound), which was made to

drive a propeller consisting of a pair of vanes each 10 centimetres (about 4
inchesi long, the battery, motor, and propeller being supported on a plat-

form suspended from the netting. This navigable balloon was capable of

attaining a speed of about 3 metres (nearly 10 feet) per second. It was ex-

hibited at the Electrical Exhibition in Paris in i8Sr, where it attracted the

favorable notice of the judges.

Encouraged by the success of this model, Tissandier undertook the con-

struction of a large aerostat on the same plan, and eventually succeeded in

building one 92 feet long and 30 feet in its greatest diameter, with a capacity

of 38,000 cubic feet. This, when inflated with hydrogen, had an ascensive

force of 2800 pounds. The aerostat (//. 61, fig. 4) was provided with

a two-bladed propeller 9 feet in diameter, while a triangular sail, placed at

one end of the balloon and close beneath it, was designed to be operated as

a rudder. With this apparatus Tissandier made an ascension on October

8, 1883. At the height of 1600 feet the wind was blowing at the rate of

six miles per hour, and he was enabled, by turning the head of his balloon

against the wind, to keep it motionless for some minutes, its propeller mak-

ing three revolutions per second. The rudder, however, proved insuffi-

cient. By turning the aerostat with head pointed with the wind, a marked

acceleration of speed was attained, and a considerable deviation from the

direction of thewind could be obtained with the aid of the rudder. The
use of electricity as the motive-power of a dirigible balloon was by this

experiment demonstrated to be decidedly superior to that of hand- or

steam-power.

Renardand Krebs' s Eleclric-moior Balloon.—Encouraged by the success

of Tissandier, two officers of the French army, MM. Renard and Krebs,

assisted by a government appropriation of one hundred thousand francs,

constructed a navigable aerostat embodying the same general features of

construction, though modified in a number of points and employing elec-

tricity as the motive-power. The success achieved by these experimenters
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in directing the motion of their aerostat at will was so decided, and so

greatly in advance of anything previonsly achieved, that their results mark
an era in the history of the science of aerostation.

Professor W. le Conte Stevens, in an instructive paper entitled " Recent
Progress in Aerial Navigation," which appeared (July, 1S85) in the Pop-

ular Science Monthly
^
gives the following account of these remarkable

results: "The pecuniary resources at their command gave them a great

advantage over Tissandier in the ability to construct a balloon much larger

than that with which Tissandier' s success had been achieved, and this per-

mitted the application of a motor nearly seven times as powerful as the one

previously employed. Their balloon (//. Gi, Jig. 3) is 166 feet long, 28 feet

in greatest diameter, its capacity 67,000 cubic feet and ascensional power
nearly 5000 pounds The details of the battery and motor have not

been given to the public by Captain Renard. The rudder is almost a par-

allelogram in form and thickest in the middle, the cloth being tightly

stretched over a light framework, so as to present a rigid surface to the air.

The propeller is fi.xed to the extremity of a long shaft and placed at the

front instead of rear of the balloon. The front end of the machine is

thicker than the rear end The balloon is filled with hydrogen, but

within it is a subsidiary balloon connected by a tube with the cage, where
air can be pumped in or out at pleasure, thus varying slightly the specific

gravity of the mass as a whole, and enabling the aeronauts to vary their

elevation at will.

"On August 9, 1884, an ascent was accomplished with this balloon,

the atmosphere being almost perfectly calm. A journey of nearly two

miles was made in a southerly direction, then over a mile westward, after

which the balloon was turned northward and eastward. A^ery slight mo-
tion of the rudder was needed to execute these cur\'es. Twenty-three min-

utes after their flight was begun the aeronauts were immediately over their

starting-point, having made a trip of not quite five miles. In descending

it was necessary to move backward and forward several times in succession,

alternately reversing the direction of the propeller. The return to the

ground was at the very spot from which the departure had been made.

This remarkable feat was thus accomplished almost exactly one hundred

and one years after the ascent of the first hydrogen balloon, sent up by

Charles from a point but a few miles distant (p. 366) On the 8th of

November two successive journeys were taken, the balloon returning each

time to its point of departure, and attaining a speed of nearly fifteen miles

an hour independently of the wind, which was blowing at the rate of five

miles an hour."

From this interesting account it would appear that to France, which

was the birthplace of the balloon, the world is indebted for its highest de-

velopment. Nevertheless, though we may reasonably expect continual

improvement in its manageability along the lines followed by Tissandier

and Renard and Krebs, it is scarcely within the bounds of possibility that

it should ever attain to any commercial importance as a means of locomo-
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tion. By modifications of construction which shall still further decrease

its resistance, and by increasing the efficiency of the motor— that is, by
increasin<j its power in relation to its \veiq;ht—it is possible that a balloon

may be bnilt with which a speed of twenty-five or thirty miles in a calm
may be attained; but the restriction of its use to fair weather and a still

atmosphere, its enormous volume, and its very limited carrying capacitv

must always render the thought of competition with the railway or the

steamship too visionary to be entertained seriously. For one useful pur-

pose, however, the balloon has already fully demonstrated its value, and
in the future will, in all probability, be found indispensable—that is, in

warfare. The ability to direct the motions of a balloon at an elevation

sufficiently great to insure its safety from an enemy on the ground must
render it a most valuable adjunct as a means of obtaining information of

the strength, disposition, and movements by an army, and of conveying

aid and information to and from the forces within a beleaguered city or

fortress shut off from other means of communication with the outside

world.

Xotable Dalloon-asce7isio7is.—The most remarkable ascensions on record,

so far as relates to the altitude attained by the balloon, were those made,

respectively, by the French savant Gay-Lussac, September 16, 1804, when
he reached a height of over 23,000 feet, and of the English meteorologist

James Glaisher, on September 5, 1862, when, in company with Mr. Cox-

well—an experienced aeronaut—he made a voyage from Wolverhampton,

England, and ascended to an immense height. The exact altitude reached

will never be known. The last observation of the adventurous voyager

showed a height of 29,000 feet, and the balloon at that moment was rising

at the rate of 1000 feet per minute; and at the next moment Mr. Glaisher

became insensible, and so remained for several minutes. There is good

reason to believe that on this remarkable voyage the balloon reached the

altogether unprecedented height of 37,000 feet (seven miles). It is of in-

terest to notice in connection with the foregoing remarkable experiences

that both were undertaken in the interests of science, and that a number
of important data were ascertained. America also has contributed some

noteworthy ascensions, and the late Mr. John Wise, a noted aeronaut who
made an immense number of ascensions, deserves special mention for the

substantial aid which his observations have rendered to meteorological

science.

Flying-machines.—Stimulated by the inspiring spectacle of the flight of

birds, it is not to be wondered at that the problem of constructing a flying-

machine—that is, a machine that should be self-raising and self-propelling

—should have taken a strong hold upon the imaginations of ingenious

men. Indeed, the efforts to solve the problem preceded by many centu-

ries the invention of the balloon, by which alone thus far the art of aerial

navigation is practicable; and, like the pursuit of that other ignis faliais,

perpetual motion, the search for the solution of the flying-machine problem

has been barren of results. Figure 10 (//. 60) represents the appearance
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of one of the numberless extravagant and grotesque designs that have been

prepared to solve the difficult problem of a flying-machine.

A volume might be written descriptive of the multitude of devices that

have been proposed to accomplish this object, but the only thought they

would awaken in the mind of the man of science would be one of regret at

the exhibition of an amazing amount of ingenuity expended uselessly.

We may, therefore, conclude this subject by summarizing the views of a

recent writer. Professor Joseph le Conte, who has given the subject of the

flying-machine a masterly review. This author, after pointing out the ad-

mirable adaptation of the structure of the bird—which has made this ani-

mal the incomparable model of a "flying-machine"—argues from the fact

that since the animal body, considered as a machine, is twice as effective as

the best Cornish engine, we cannot hope to devise a piece of mechanism

which for the same weight of machine, fuel, and directing brain will be

half as effective as that of the bird. Le Conte lays special stress on the

fact that in perfecting her flying-machine (the bird) Nature has taught us

that there is a low limit of weight (about fifty pounds) beyond which it

is impossible for an animal to fly—a limit which Nature with her utmost

effort has failed to pass. A prodigious advantage which the natural has

over the artificial machine, as he ingeniously points out, is this: "The
flying animal is its own engineer; the flying-machine must carry its engi-

neer. The directing engineer (the brain) in the former is perhaps an ounce;

in the latter it is a hundred and fifty pounds. The smallest possible weight

of a flying-machine, with its necessary fuel and engineer, even without

freight and passengers, could not be less than three hundred or four hun-

dred pounds." From these considerations, which appear to be reasonable

and sound, Le Conte concludes that a true flying-machine, self-raising, self-

sustaining, and self-propelling, is physically impossible.
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I. Cugnot's steam-carriage (1770), the first application of steam to locomotion. 2. Evans's steam-dredge, the "Oruk-
tor Aniphilxjlis" (1S02), Imill for the cily of Philadelphia. 3. Trevithick's locomotive (1804!, the first practical cnpne to

run on rails, luiilt fur the railway at Teiiy darran, Wales. 4. Cart's cast-iron mil with uprij;ht flange (1776). 5. Wyall's

ca^t iron edge-niil with tlio K^slip chair (17S9). 6. Klenkinsoji's tramway locomotive with spur wheels working in racks

(1811 1, huilt for a collicrv railway between Leeds and Middletown. 7. lledley's locomotive " rutting Hilly " (iSl.^), built

lor the Wyl.im colliery ( Kngland ), now in the Hritish I'.itent Museum, London. 8. Kir^l American-huill locomotive, the

" liest Friend" ( iS^o). for the fharleslon and Hamburg Railroad. 9. Stephenson's locomotive, the " Rocket "( 1S29),

I'uilt for the Manchester and Liverpool Railroad. 10. Secoiul .\nierican-buill locomotive, the "West I'oint '' (i8jl).

It. The "Atlantic" (1832), the su called ' C.rasshoppcr " locomotive o(>er.ated by the Uallimore and Dhio Railroad.
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/i'. 9). 4. \Vliarl.>n safety-switch. 5. Fisher bridge joint for r.iil. 6. Point-switch. 7. lilunteml or stub switch. 8.

Cnjss-section of roail-beil of the Pennsylvania Railroad. 9-12. Different forms of railjoinls in use on .\merican railways.

13. Switch-stand with target. 14. Section of track of tlie Pennsylvania Railroad, with tmcklanks for supplying water lo

the locomotive while running. 15. Ulock-signal tower of the Pennsylvania Railroad.







RETAINING-WALLS, DRAINAGE, AND TUNNELS, RAII.ROADS.
Plate 26.

1-6. Profiles OF Reta,n,n<:.\Vali^: ,. Reclaneuto wall. 2. Trapezifonn wilh inclined fare,

^ij^'^^ utiMl'""'.
'' E-g&h system of retaining-waU. 5. Abutment »aU with discharging arches. 6. Cnn-ed retaining,

wall of the Knlmbach incUned.plane railway, near Markt-Schorgast. 7-14. Dra.na.. : 7. 8. C'-'-""/™"^,",J, '5 S^wIT"' '°-
''«*"e'= ="<». °f = covered drain of masonry. . Opening, ,2. Longitudinal secfon, of arched

cukeru. 13. Cross-section, 14. Front section, of retainingwalls and drainage of steep side-cultmgs. 15-23- '

.hineotn j
""» Thames tunnel

Tunnel bonng-maBiu. pemej ^ compressed abeting. 19. Cross-section, 20, zl. Details, of Rziha's iron framework for tunnel construction.

in London. 24. Cross-section of roadw.iy, 25. Rails, of Fell's system of mounlain-nulway construction.

16, 17. Cross-sections, 18. Longitudinal section, of German systems of tunnel lim-

snt, iised in the Mont Cents tunnel. 23. Cross-section of an underground railway-tunnel and station

r



RAILROADS Plate 27.
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I. Side clevniioii, 2. Boring head, of steam tunnel-boring machine. 3. Hall's sj-slem of subaqueous tunnelling. 4. Rand

sleam mcUiliill, 5. Heading uf tliu Voslmig tunnel. 6. Osgooil combined >team excavator and derrick car.







STATIONS, Signals, etc. RAILROADS.

°!"^:'„f'.r.l™':.?r„^'"r:.J^: ':=.'!''!"7 t Tt'Y' "' "''iTt^ w'rc'o-ed ja.fcrrEkv*:„t'rr'"''™ ^' °"^''"' "' *' Saxo„.Bohe™a„ railway. 4. Ground-plan of .he .en^inal s.a.ion a. G6r.
1. 6. Fa«ade of an mlermed.ate stal on >v,.h Co

^ ^ ^^^^^ »«.,cL„„3?, I

'* G'ound-plan, of a small inlermcdiate s

o. SecUonal elevaUoo of a water-tank house.
, _,^„ („^|.. locomotive

water-lanks at watering-stations.

k

litz. 5. Interior of the train-hall of the station at Stuttgart. 6. Facade of an intermediate station, with covered p

vation, gb. Ground-plan, of a locomotive round-house. lo. Sectional elevation of a water-tank house. H. '^^

^^^
- « ,g{

ElevalioQ, 15*. Ground-plan, of a watchman's house on the Alteneck-Holzminden railway. i6. Barrier or safetyga ^y-cro&sings,

signals.

8. Cross- sectional elevation of a freight -station, ga. Ele-

13. Turntable. 14. Travelling-platform transfer-table, i^a.

'7- Signal-house on the Charing Cross railway-bridge at London. tSa, b. Bender's system of railway-

O ^



'ATIOXS. RAILROADS. Pl.ATK 29.
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r Car Construction. RAItROADS
Plate 30.

I

6
Germat

I. Section and half vertical plan of the Washburn car-wheel, a, Half vertical plan and si

on springs attached to the axk-boxes. 6. Device for securing the ends of the springs to the car-body. 7. Plan of '•'^ ""'*"'"^""'six-whf=l'd wmp'i^jj^'^
^- ' ^^^-''uffers in section, showing the springs. 10. Section and plan of a screw-coupling in use in Europe. 11. Hand-

brake, ,,. Plan of a German apartment-car. 13*1, Perspective, 13* Plan, of a four-wheeled intercommunicating composite car
^^^^^ ^^ Otrinin

pljtf'^'^"''^'^""*'''
"• *''h side entrances, iS Early form of an American car with four-wheeled trucks. 16. European four-wheeled

two-story apanment-car. 17. Elevation, iB. Interior, of an American sleeping-car with eight-wheeled trucks, 19 German op=n
, . jKh beiw«o i

^^-car, „ German covered freight-car, 32 Railway-crane for handling heavy loads. 33. Side elevation and end view of a
n postal-car. showing automatic mail-bag-catching apparatus, 74. Snow-plough, 25. Car and tube of the pneumatic post* square Suiion and the District Post-office London.

n



RAILROADS. Plate 31.

I. Kelly's cast-iMii tiirn-talilc. 2n. Side elevation, 2/'. C'ross-seclion, of ai> Amtiicaii foiir-wliceleil car-tnick. 3. Cr.r-

iixles. 4. Atlaclimem to car-lK«ly and connection, 5, 6. Action, of the Janney carcmipkr. 7-1 1. Various firms of Anur-

ican car-springs. 12. Cross-section at the lioltom of tlie incline, 13. I,on<;itii<linaI section, 14. Depressed-track section, of the

Ramsey car-transfer apparatus. 15. Section and vertical |)lan of the .-Mien pa|K-r car-wheel. l6. \Ve>tinghouse automalic

air-lirake, sliowing the method of attachment to locomotive and Icmler.





Platk 32.
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a

I. Slandard locomotive, 2. Adams Express car, 3. United States ixKloffice car, 4. Standard [Virlor-car, 5. Slandaol

IKissenger car, in the service of the Pennsylvania Railroad. 6. Elevation, 7. Cross-section of the connection, of the

IHiliinan vestibuled cars.





Caks. RAILROADS. Plati. 33.

I. Inleiior of a parlor-car, 2. Interior of a dining-car, 3. Interior of a slcciiing-car, of the I'lillman palace-car service.

Interior of a combined parlor- and sleeping-car of the Boston and AUiany Kniln'n.l 1 V.mcc I'riro arrliilcclK





Special Systems. RAILROADS. Plate 34.

I.
" Big Loop." on the Georgetown hnncli of the Union Pacific Railroad. Colorado. 2. Cross-seclion of snow-sheds

on the Cana<lian Pacific Railroad. 3. Mountain-railw-.y up Mount Washinston, White Mountains, New Ilampslnro. 4.

Eden Park inclined-plane cal)le railway up Mount Adams, at Cincinnati.





Plate 35.

: Primitive elevated-raUway system of Palmer (182.). ^- Cross-section of General Stones elevated-ra.lway s s em.

ration a, the Centennial Exhib.ticn at Philadelphia (.876). 3- M-^'g^ elevated-railway system. >n operat.on a Uos^

4. Telpherage (electric) elevated railway system; telpher l.ne at Glynde. England. 5- ^^^^'^^'^^''^\''^''21

,*ra,ion at New York City ; section of the Metropohtan Elevated Railway. 6. Wire-rope transmission system of Bleichert.





Special Systems. RAILROADS. Plate 36.

r
j -j iiiHTiH !ni'r: r i';L,

I. Cross-section of tube, 2. Longiludinal section of lul,e and car, of Clegs's atmospheric railway, o,K;ratc.l Utween

Ci"g>tow., ana Dalkv, Ireland 118441- 3- Cross section, 4. Longitudinal section, of motor. 5. Motor and train, of .Siemens s

rsl electric passenger railwav : experimental line on the grounds of the Munich Electrical Exlubu.on (1880). 6. Sprague

lectric-motor truck. 7. Tliompson's combined gravity and cable-railway system fur rapid transit. 8. Thompsons switch-

ack system: railway at Boulogne-sur-Mer, l-'ranee.





Undergroi-xii and Strfack. railroads. Plate 37.

1

WH
I. S|)ia;4iie elccniciiiolc.r car, with ovcrlieail cimduclor and cmiiact tpMii\ : Ini.m r.i-"iiii;ii Railway. KiclimomI, Vir-

ginia. 2. (loss-sectiim of ilie car of DcMcli's |incumalic railway
(
laiil umlur l!ru.i<lw,iy, New \n\\. City i. .;. I'mitised syslcin

f iindcri;roun(l railw.av for New York t'itv. 4. Suliwav of llie loiirtli .\vcmit: e^l^.•n^ion of the llarlcni Radway, New York

ly. 5.' l>r.i|K>sid ariailc railw.ay under liroadway, New York City. 6. Cro.viscction of car aiid.lul'e, 7. I'kiii of the con-

lilt, of the ori|4inal cable railw.iy ,' Snn I'raiicisco I I'lallidie's systen)). 8. (.'ross-seclion of IuIh.-, 9. Pian of the Cumliiit, of the

cable railway system of the riiilailel)iliia Traction Company.





WiiODl-.X. r.Kii)(;i-:s. Pl.ATK ;v'^-

I. Casar's luililaiy bridge across the Uliine. 2. rriniilive conihined suspension and cantilever liridgc over tlie Arineria

River, Colinia, Mexico. 3. Native suspension bridge across the river Runjeel. Incha. 4. Side elevation of the lii>t arch

and details of the second arch of a truss bridge over the Kliine at Schafiliausen ( 1757 ; Llric llnibenmanni, burned by the

French troops in 1799. 5- Elevation, 6. System of constniction, of a " Hying bridge" designed by Tliomas I'ope ( iSio) for

an arched liriilge across the North River, New York. 7. Japanese cantilever bridge at Nikko. S. Old |xjrlage tre>tle bridge

(1852) over the IJenesee River on the New York, Lake Erie and NVejtern Railroad (Silas Se)inour, C. E.J.







F
BRIDGES AND FERRIES. Plate 39.

1. Wooden-girder bridge. 2, 3. Wooden-treslle railway-bridges. 4. Truss frame. 5- Strut frame.

^^ ^^^ ^^^^^ ^^ ^
section, of a Howe truss-girder railway-bridge with wooden piers and trestles. 8, 9. Sections of a Town

lattice-truss bridge, to. Elevation, 11. Cross-section, of arch construction and scaffolding, 12. Semicircu ar "
^^^^^^ '^^ ^^^S e-span stone bridge. 13. Segmental arch and centre of a single-span stone bridge. 14. Pontoon railway-

bridge across the Rhine at Maxau. 15-17. Fenyofthe Rhenish Railway between Rheinhausen and Hoc " ' •
an a cable ferry. 19. Plan of a ' flying " ferry. 20. Elevation and plan of a chain-cable steam-towage

ferry-boat. o



Stonk. BRIDGES.
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I. Details of constniclion of arched stone briilges. 2-7. Ancient and incilireval stone liridycs: 2. Kunian bridge at

St. Chanias, France. 3. Trianynlar bridge at Croyland (fonrteenlh century) with llirecway jiointcd arclies. 4. Old bridge
at .'^ainte.s, France (fourteenth century). 5. Chinese seniicirculararch bridge. 6. Old Loudon Uridge over the Thames
(irno A. I).). 7. Tonte dclla TriniiA at Florence (1566), earliest llat-arch bridge (li.irtolommeo Ammanati).







BRIDGES AND VIADUCTS. Plate 41.

If



Details. BRIDGES. Plate 42.

00^00

1-5. Forms of briclge trusses : I. Howe truss, 2. Town lattice Irtiss, 3. Warren tniss, 4. Fink truss, 5. Uollman truss. 6.

Cross sections of Keystone i riclge columns. 7. Cross-sections of I'litenix wronghliron columns. 8. Tin connection and eye
l)afr)f an .\mencan iron liriilgc. 9. .Xncliorage, 10. SaiUlle-platc, II. Cross-section, 12. Entrance, of the East River Su.spen-

sion liridge. New York. 13. I'in connections, </ npiKT, anil b lower, clioril, of an .\nurican iron hriilge (.\meric.an Bridge

Company). 14. I lalf section elev.alion of the arch-truss briilge .across the Schuylkill Kiver at I'hiladelphia. (See //. 44.)

15. New iron-tresllc hridge over the Kinzua Gorge, in process of construction. (Sec//. 46.)







r
Iron-Girder. BRIDGES. Plate

Bridge {1850) of the Ches
! leeiion. ofa double.nil girder bridege. 3

r and Holyhead Railway (Roben Siephensoo)

Hair-section elevation, ,. Cross-section, of a plale-girder '"*' " 5~'1> of
c«nst,„etion of ola,. , ,. , • .

Q, ',
, B,„„or ..iih the Menai chain .uipen..on «iH|,

,^j
"™ M plato girders (riveting . 8. Petsp.

Strait at Bangor. «,th the
^ _ _^ ^.^^^^ ^^

^^^M„
.^ ,f

'""'. 'Thomas Telford, C. E.). ,0.

'^""''*- ofSchwedler's system of a bowstring-gird
laCi) over the Rhine at Mayence. ao. El

ir the Klnile at nff!.„'i;!,'„"'A"

""''""° '^"""'y <«">=" Siephenson)-over the Menai Strait at Bangor. «.tn tne ...=....; -
-

, ,„„ ..'c':""'
" "" '"'na

plan .',„"! "a^"r?r;S'T7 "' ^""°"'' ''"""" ' » l«>i=-n..s bHdge (.85,, : Railwaybridge over the Vistnl.
' ^"^^..^'^ f^.i.n, 1,, „ o,,'

.. CoMe," bridgerbol „ the d
,'" "' '"""'°"' " <:•'""'"" "9 ""ail, of Paulfs sys.en, ofa '"»'''-«Y."' ''

'f'^ fhc^ttf """'''"JSM
of angle plit^

*"" """ "'""" °' 'Onstrucion of Figure ao : a.. Tniss and arch detail
:
" !«"" " "*°' ^"^ >^v of the too, of

cv.nlon, 1

Crtws-section and side-wall, of a tuhular-girdcr bridge—Briunnia
Portal, of a framcd-girder or truss bridge: Railway-bridge (iSsS)

rr bnilgc: Bridge over the Oder at Breslau. i6. Cross-seclion and
of .1 wrouEhi-iron arch-truss railw.iy-b ridge (1866) over the RhinelK-,,„». ,

: ' '" '-^"""" "' -^ "rauKit-Ton arcn-truss railw-iy-bridgc (1866) over the Rhine
carcft at the springing; 33 Angle-plate riveting; 24- Rivet ball ; 15. A-'glc-iron; a6. Channd-bar; a?. Column

m



BRIDGES. Plate 44.

I. Arch truss bridge, the " Colossus" (1812), over the Schuylkill River at Philadelphia (Louis Weriuvag). 2. St. Paul

highway bridge over the Missouri River (J. S. Sewell. C E.). 3- Suspended girder bridge in the Royal Gorge, Colorado,

on the line of the Denver and Rio Grande Railroad. 4. LenUcular-girder bridge (Her\-ey and Osgood).





Viaducts. BRIDGES. Plate 45.

I. Iron-trestle viaduct over the Genesee River (1875), of the New York, Lake Eric and Western Railroad (George S.

Morison, C. E.). 2. Iron-trestle viaduct over the Agua de N'errugas, near Lima, South America (1S73), on the Lima and

Orojo Railroad (Charles H. Latrobe, C. E.).





BRIDGES. Platk 46.

'"h N U H H ^^

1. IiDiilreslle viaduct (1SS2) crossing tlie Kin/iia Gorge on ihe ilradl'urd hrancli of tlic New York, Lake Erie and

Western Railroad. 2. Perspective, 3. Sectional elevation, of tlie cantilever bridge over the Firth of l-'orth, at (Jueensfcm-,

near i;ainbiir"h, Scotland. 4. Cantilever bridge (1888) over the Hudson River at Poughkeepsie, New York.





BRIDGES. Plate 47.
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I. Ca-st-iruii ;iich l.ridge at Craigellachie over llie river Spey (Thomas Telfonl, C. E.). 2. I'crsiK-clive of the siecl rail-

way and hiijlnvav arch hridge (1874) over the Mississippi at St. Louis (James B. Eiids, C. E.). 3. Steel arch highw.ay-bri.lge

over the Harlem' River, New York (William R. Huiion.C. E.). 4- L"'^ I.double-lloor highway-bridge (1S77) over the Douro

River near Oporto, Portugal (Seyrig, C. E.). 5- Ponto<"> drawbridge (iSSS) over the Missouri River at Nebraska Cily (Col.

S. N. Stewart, C. E.).





Suspension. BRIDGES. Plate 48.

I. Chain susi>ension bridge (James Finley, C. E.). 2. Railway suspension bri.ige (1855) at Nia^-nra I'-alls. New \ork

(J. A. Roel.ling, C. E.). 3- East River suspension l.ri.lge (188.?). between New York City and Bro..klyi. (John A.aml\\ash-

ington A. Roebling, C. E.). 4- " Point Bridge" across the Monongalicla River at Pittsburgli (E.I«ar.l Ilemberli, C. E.).





Movable. BRIDGES. Plate 49.

yf"^\
L-

,. Kill von Kull pivoted drawbridsje ( iSSS^ over the A«hur Kill, S.a.en Isl.-,.ul. New York, of .he HalUnu.re and ( h.o

R.,ilroad (Cl-rules AcUe.heil. C. E.). 2. Lift bridge (.883) across the Oswego Canal a, Syracuse-f tlu.- ^'^'^^^
Shove and nuffalo Uail.o..d (Alhe.t Lucius. C. E.). 3- polling bridge (.87.) crossing the bnghsh Channel U.t«.cn ^.

Malo and Si. Servaii, biaiicc (Leroyer).





HYDRAULIC ENGINEERIxNG. Plate 50.

1 ffffl

J. Shaft excavation, 2. Pneumatic caisson, for the foundation of a bridge pier by the Poetsch frcc^inR systeni.

3<7. Elevation. 3/., Plan, of a timber cr.b, 4- Rip-rap foundation. 5. Pile foundation ,-roteeled by stone. 0. Isomelnc plai. of





Canals. HYDRAULIC ENGINEERING. Plate 51.

I. Hydraulic caii.il-boat elevator on the Neufosse Canal, at Les Fontineltes, France (E. Clark). 2. Cross-section of a

boat with iivHraulic elevating deck. 3. Section of clip-drum for cable towage. 4- Perspective of the lifting ,x)ntoon and

railway cradle, 5. Cross-section elevation of tK>ntoon railway cradle, 6. Section of the great car, 7. Steamer in transit, of the

Interoceanic Ship-railway across the Isthmus of Tchuantepec, proiwsed by Captain James 13. Eads.







HYDRAULIC ENGINEERING. Plate 52.

valve fe fhe wr^upl orclrT. f
.'
'"'" ^''- " ™'""' "'" ^'""'' ' '' ,f WaterIpp" 9 (^ * '°'^""''' P'^^' 5- Dredge used in .he consUuctlon of ,he Sue. CanJ. 6. Cas..i«,„ pipe with hinged

wJr.rip^^ rrxZ o,u""t;-
' S"f-""B ^ypHon sluiee. 8. Self-regulaUng wa.,e-we. 9--- ^*"^.,^„, '/f^r?"" "'"" """^'"^ ™«-«'- io. F,lter-bed a, Chelsea, near London. „. Fil.er-bed ...Woodenalerppe.

.3. TeTa-coUa water-p.pe. .4. Flange-jom, „aler.pipe. 15. Compensaung.jomt wa.er-p.pe. .6.
Air 'J- Shut-off ,alve. .8. Cross-section. ,9. Elevation, of a water-towek 20, Pipe aqueduct.

3 r



WATKK-SI'ri'I.V. H V D R A U L I C R X C. I X !•. K R I X G

.

Plate 53.

I Andrews' lube point. 2. Pump and section of well tube. 3. Method of sinking tl.e tube, of an American .Inven

well
'

4-7 Artesian welM*.rinu' tools. 8. Double artesian well at St. Ouen, France. 9. Klesible jonit watcr.,.,i>e.

10 liit, II. Core. 12. liit-hea.l, of the diamond drill. 13- Artesian waterbearn.g strata.





Water-supi'LY. hydraulic ENGINEER I XG. Plate 54.

:y«i^./^,^-7>- ^j:>>^.-..

1..^ ->--: ^ ^>- -^vr^^ - :.-. ^J

"S^^

,. HeMble-join. water-pipe line, 2. Pipe a.i«e,luc.. of the Phihdelpl.ia water-works. 3 • C-"|';-> aM'-luct and

iTidse across Rock Creek near Washington. I.. C. 4. New Cmton a.,ueduct cros.n.g beneath the Ilarkn. K.vcr. Ne«

York (the High Bridge a.iucilucl in the hackgrouiuij.





HYDRAULIC ENGIXEERIXG. Plate 55.

.^^.

'i-

, of Flood Rock Reef. New York barter (Geneml J.
Neuton. U. «• E"«i"-'^)

I .. ,^:rtr":r;;r;s':'^»'^:»;'«- »;..h o, 0,. m^^^i ei.. .a..„ ,™» .. u.>.





HYDRAULIC EXGINEERIXG. Plate 56.

^Il3

1-8. Various foiros of American wooden dams. 9. Section of framework of moval.le dam of the Ohio River improve-

ment at Davis Island. 10. Western division, II. Eastern division, 12. Profile, of the projected interoceanic ship-canal at

Nicaragua.
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HYDRAULIC ENGINEERING AND TELEGRAPHS. Plate 57.

o

J«iio for dccptnlng ihc ch.-inticl, u. For chinglng ihc thanncl o
'Z,'r„,^!"'?,T.*°"'"'

!"' ''„»"'"." «« F«cin« WnsmiMlons. 7. Rlv^r wall of ma.onry, 8,9, Sh«i.piling, .0 Cn»s->«1»„ „f , „„j, ^^„ ^.^^ ^.^^^^^ _^^^^ ^^^ ™bterr»i,tan footway, in London. 1.-13. OfPBKSIV. Wohks: ... u. Ri»er ImprcemraB.

and ttmo.ins obsiniciions. 13, Ctoss-seciion of a j.liy. 14-21
.

Da»s ,»„ s,v„„
; „. ,5. Slon« overfall dams with sluices- .6. Longitudinal section. 17. Elevation, of a needle dam. .8. Cross-sectron. 19. Side

1 of an oval sewer and sticet connection, ji. Cross-section of a main collecting sewer in Paiij. 31-48. Tei hgraphs as Front view 33 Rear view. 34 Diagram of circuit connecting stations, of WTiealslone and Cooke s needle

lel.eraoh ,1 M,,,,, ,„;.,„ n -T' ''' ""«"'" »' «°""«''™« "'Siemens and Halske's dial telegraph. 37. Complete apparatus, 38 Tiansm'itting apparatus,.,. IntcHor of indicator.' 30. Double-acting escapement, of Siemens and Halslte's magneto-electric dial

',7"'„: ' 1° ' F \
!',Ol^™t'™i"'l«E'»Phl'ey. 33- Closed-circuit telegraph key. 34. Perspective, 35. Diagram, of telegraph relay. 35 Chemical telegraph 3, 38 Arrangement of Morse circuit between two terminal and two intermediate stations. 39- Pan-telegraph

sandH.lske. 41. Call.bell. 4a. Push-button. 43. Railway signalbell. 44- Cposs-seciioo of an iren.protected insulator. 43. Elevation. 46. Cross-section. of Chauvin's Insulator. 47, 48. Submarine-telegraph cables.

elevation, of a draw-door overfall dar

of Casclli. 40. Plug commuutor of Sie



TELI-XiRAPHS. Plate 58.

I. Gauss and Weber's telesraph (1833). 2. Thomson's Siphon Recorder for submarine telegraphs. 3. Sleinhcil's

recording ai.paratus. 4. I'irst Morse telegraph (1S35). 5. Arrangement of M..rse circuit (1837). 6. Telegraph key.

7. Morse Magneto electric telegraph (1S37). S. Modern Morse Register. 9. Universal .Stock Kei«.rter.





TELEGRAPHS AND T ELK I' FIOX HS . I'l.ATK 59.

1-3. Train Telegraphy: i. Train telegraph-operator sending a message on moving train. 2. Car eiiuipmenl. 3. Com-

liiiKd sending- and receiving-inslrunicnis. 4-7. Telephones : 4. Rciss musical telephone. 5. Kcis's telephone. 6. Bell

leleplione receiving-apparatus. 7. licll telephone.





AKROvSTATION





AEROSTATION. Platk 6i.

.. Gi«^a-s diH^He banoon (.85.). . ^e I.O.e. d>.^iUe •:^'- <

'«JlJ-
Kcn,„U.. KreU. .^^^^

balloon (.884). 4. Tissamh.rs elec.ricmo.or l«lluon (.883). 5- OifTard-s captive l,all,«n, I.o„>lo„ (869). 6.
«•-•-'

JZry balloon, uL by Colonel Cou.elle of the .-Tench am,y a, the bnt.lc of Flcurus .n .794- 7-
M-.- baU«,n.
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2. Boat » ilh elevating deck 277
3. Clip-ilrnm for cable tow.igc 303
4-7. Interoceanic ship-railway . . 321, 322, 323
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ADl.F.R,FRiEDRlCH,architect,l2i.

Adobes, 29.

Alte Wage, Brunswick, 44 (pi. 3).

Arcades, 140 (pi. 19).

Arch, Greek, old, 34 (pi. l).

Arches, construction, 37, 38.

discharging, 38.

gauged, 37.
pointed, 37.
rough-cut, or axed, 37.
transverse, 34, 35.

Arts, Society of, London, 91.
Ashlars, 31 (pis. I, 2).

Associations, building, American,

126.

Asylum, insane, Neustadt-Ebers-

wald, 114 (pi. 10).

Schwctz, 133 (pi. 17).

Asylums, insane, American, 134.

German, 133 (pi. 17).

Attic courses, 45.

Barlow, W. H., 62.

Basilica of Vitruvius, 51 (pi. 3).

Bascule fa.slening, 97 (pi. 7).

Bath, Uiana, Vienna, 61 (pi. 4).

Bathing- hou.se, Munster, 142 (pi.

'9)-

river Magdeburg, 143 (pi. 19).

Roman, Hamburg, 142 (pi. 19).

Bath-room, Oriental, 12S (pi. 14).

Bath-rooms, 128 (pis. 14, 16).

Baths, 142 (pi. 19).

Bazaars, 140.

Beams, iron, 56.

Bell-frames, 54 (pi. 3).

Bergmann, architect, 63.

Berlin dwelling, 121 (pi. 14).

Block stairs, 53.

bond, 32 (pi. i).

Blondel, Kranijois, 38.

Bluestones, 23.
" Boffin's Bmver," 138.

Bolt, door, concealed, loi (pi. 8).

sliding, 96 (pi. 7).

Bond and masonry of regularly-

shaped stone, 33 (pi. 1).

block, 32 (pi. I).

cross, 32 (pi. I).

Ciothic or I'olish, 32 (pi. I).

perfect, rule for, 31.

Bonding of stone ma.sonry, 31.

materials, 29-31.
" Bossage," 33 ipl. 1).

Bourse, Berlin, 139 (pi. 19).

Vol. V. 25

Bowstring truss, 60 (pi. 4).

Bramah's combination lock, 99
(1>1- 7).

Brick- and stud-work, 44 (pi. 3).
arches, 37, 38.

bonfl and masonry in, 31, 32.

laying, 32 (pi. I).

stairs, 40 (pi. I ).

Bricks, enamelled, 22.

good, characteristics of, 21.

hollow, 27, 32, sy
sizes of, American, 21.

German, 32.

Brownstone, 23.

Building as.sociations, American,
126.

Exhibition, Hyde Park, 65.

Industrial, N. V., 65 {p\. 6).

Buildmys, exterior work of, 67.

exhibition, 144, 145 (pis. 6,

18).

for education and training, 130
(pi. 17).

interior work of, 82-101.

iron, 62-67 (pis. 4-6).

examples of, 63-67 (pis.

4-6).

Private and Public, 115-145
(pis. n-19).

modern, 1 19-129 (pis. 14-

16).

Public, 129-145 (pis. 17-19).

school, .\nierican, 132.

(ierman, 130 (pi. 17).

Burglar-alarms, electric, 94.

But hinge, 96 (pi. 7).

Buts, loose pin, 96 (pi. 8).

Cabin, log, American, 123.

Calotte, 36.

Cap, chimney, "deflector," 103

(l.l.'io).

moval)le, 103 (pi. lo).

stationary, 102, 103 (pis. 2,

10).

Capitol, Washington, 23, 24.

dome of the, 64 (pi. 6).

Casements, 54.

Castle, Krcnch, stairway, 39
(pi. I).

Marienburg, 35 (pi. l).

Cathedral, Cologne, 104.

I'etcrliornugh, 37 (pi. l).

St. Paul's, London, 22, 23.

Strasburg, 104.

Ceiling supixirts in wood, 46
(pl. 3).

Cewmgs, iron-joist, 56 (pl. 4).
vaulted, iron, 57 (pl. 41.

woo<len, 46 (pl, 3|.

Cement, .Medina, 76.

Portland, 24, 27, 29, 31, 76.

Roman, 76.

Cements, plastering, 76.

Centennial-exhibition buildings,

• •M. 145 (pl- iS)-

Chamier-band hinge, 96 (pl. 7).

Chimney, highest in the world,

104.

caps, 102 (pis. 2, 10).

Chimneys, 101-104 (pl. 10).

dimensions of, 102.

draught, 102.

factory, 103, 104 (pl. lo).

comparative heights, 104.

purposes of, loi.

Chulib's lock, 99 (pl. 7).

Church, Catholic, Darmstadt, 52
(pl. 3).

St. Mark's, Venice, 36 (pl. i ).

St. Thomas's, Leii>sic, 55.

at Dunaburg, 63 (pl. 4).

Circus, Olio, Berlin, 61 (j'l. 4).

Clay-pi|>e, slip-glazed, 19.

Cliff-dwellings, 116 (pl. II).

Cogging, 42 (pl. 3).

Collar-beams, 49.
Column capital, sheet-iron, 74

(pl. 2).

Columns, iron, 57 (pl. 4).

Combination lock, 98 (pl. 7).

Companies, ste.im-healing, 112.

Concrete as a fire-resistant, 27.

foundations, 17.

masonr\% 24.

subaqueous deposition, 1 7.

walls, 29.

Conductors, lightning, 77-80
(pl. 7).

, ,

Construction, building, 15-07 (pis.

1-6).

object of, 20.

principles of, 15-28.

substructure, 1 6-20.

superstructure, 20-28.

in iron, 55-67 (pis. 4-6).

appliances in, 25.

in stone, 28-40 (pU I, 2).

in wood, 40-55 (pl. 3J.
Cook-stoves, 113 (pl. 10 1

.

3Si
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Oiriiic*, sliffi iron. 74 \\\. 3).

Cornico, cciliii;;, !)0.

Couloii, archilcci, 121.

O'Urt lioiLsc, lloiin, I j9 (pi. 19).

Court-huuscs, .American, 139.

tJcrnwn. 139 (pi. 19).

Coucluls, arcliitrcl, 69.

Crt^-tins;, sheet-itxjn, 74 (pi. 2).

Cri'^s U.nJ, 32 (pl. l|.

Cr'ss lailcil hint;c, 95 (pl. 7).

C'n'slal l"alaec, Sydciiluin, 65, 74,

144 (I'ls. 6, 7).

Cuslom-hi>uses, .Vinerican, 139.

Cumiuental, 13S (pl. 19).

Decoration, intkrior, dis-

lem]ier, 88.

frescii, SS.

gilJing, 88.

graininj;, 87.

marliling, 88.

painling, 87.

brick and Itrrra-cotta, 87.

glass, colurcil, 87.

harii woods, 87.

niL-lallic, 86.

\-a\^\ hansjings, 87.

plaster of roris, 86.

tiles, 87.

Delomie, architect, 52.

iJeodori/ing of scweRi, 19.

Uepdt, Central, liirmingham, 58,

60 (pl. 4).

Desjardins, architect, 64.

Devices, electrical, 94, 95.

I liana bath, \ienna, 61 (pl. 4).

Dicbitsch, Von, .irchitecl, 129.

Di>temper, painting, 87, 88.

DoUfuss, Jean, 124.

Dome, Capitol, Washington, 64
(pl. 6).

Domes, 36.

hanging, 36 fpl. I").

Door and window Httings, 95-101
(pis. 7, 8).

Door bolt, concealed, 101 (pl. 8).

check and spring, 101 (pl. 8).

hinges, 95, 96 (pis. 7, 8;.

lock, French, 98 (pl. 7).

Yale, 101 (pl. 8).

rollers, 96 (pl. 7).

Do.jr>i, 53.

hanging of, 53.
Dovetailing, 42 (pl. 3).

Drainage detined, iS.

house, 18.

regulation, I'cnna., 91.

Drainpi|x.'s, 18.

Dwelling-house and shop, Paris,

121 (pl. 14).

Dwellings, accessor)- structures of,

127.

American, 122-124 (p'^- 'Si

16).

early, of the U. S,, 24.

city, .Xmcrican, 123 (pl. 15).
English, 122 (I'l. 14).

French, 121 (pl. 141.

German, 120, 121 ipl. 14).

Dwellings, detached, 119 (pl. 14).

huts, 116 (pl. II).

interiors of, 137 (pi. 16).

Dwellings, suburban, .\merican,

124 (pl. 15).

tents, 116 (pis. II, 12).

tyi>es of, 1
1
5-1 19 I

pis. 11-13).

workingmen's, .Vmerican, 125.

Knglish, 125 (pl. 14).

Clcmian, 124 (pis. 14, 15).

(Sec Hats, and //ousts).

Assyrian, 1 17 (pl. 12).

A^tec, llS (pl. 13).

Byzantine, 118 (pl. 12).

Chinese, 118 (pl. 13).

Egyptian, 116, 117 (pl. 12).

Einiscan, 117 (pl. 12).

lircek, 117 (pl. 12).

llclirew, 117 (pl. 12).

Hindus, 118 (pl. 13).

Ja|\Tnese, 1 1 8.

Medi;vval, 119 (pl. 13).

Persian, 119 (pl. 13).

Peruvian, 118 (pl. 13).

Pha-nician, 117 (pl. 12).

Renaissance, Il9(pl. 13).
Human, 118 (pl. 12).

Koinanef<|ue, 119 (pl. 13).

Russian, 116 (pl. 13).

Soudanese, 117 (pl. 12).

Eating E.sTAni,isiiMENTS, 138.

houses, .Vmcricin, 13S.

Eiftel tower, 66 (pl. 5).

Electric bells, 94 (pl. 8).

burglar-alarms, 94.
lighting, 94.

Electricity, 77.

lighting by, 94.
Eisner and Stumpf, 113.

Emigrant-house, 137 (pl. 17).

EsiKignolett fastening, 97 (pl. 7).

Establishment, b.atliing, drinking,

and washing, 142 (pl.

•9)-

Etzel, architect, 61.

Exchange, Berlin, 139 (pl. 19).

Exhibition building, Hyde Park,

65.

indusiri.al, N. Y., 65 (pl. 6).

buildings. Centennial, 144, 145
(pl. 19).

halls, 144 (pl. 18).

Centenni.ol, 1 23.

W.irld's, .\. Y., 65, 144 (pl. 6).

Exposition, Paris, 69.

Fan-tracf.rv, 37.
I-'estiv.il-halls, 144 (pl. 19).

I'irc-engine houses, 141 (pl. 19).

Eire, precautions against, 27.

Fireplaces, 105 (pl. 10).

F'ircproof building, 27, 28.

Flat, Paris, 121 (pl. 141.
" F'l.ils," American, 124.

F'looring, 46, 82,

classes of, 83.
improved, 83.
I'arisian method, 46.

F'loors, fireproof, 83 (pl. 2).

strength of, 82.

variflies in, 82.

Foundation defined, 16.

walls, 18.

thickness of, 1 8.

F'oundations, condition and quality

of soils, 16, 17.

F'ramework. iron-roof attic, 58.

sus|>ension, 58, 60 (pl. 4).
trussed, 58-lK) (pl. 4).

stone, 33 Ipl. I).

Franklin, Itcniainin, 77.
French lever fa.stening, 97 (pl. 7).

Fresco |>ainting, S8.

Fronts, brick.decorative eflects, 22.

Furnace, hoi air, no (pl. 11).

hot-water, ill (pl. 10).

F"urring, 85.

Galleria Yittorio'Emanuele,
140 ipl. 19).

Garden-seat, 127 (pl. 14).

Oarnier, architect, 121.

Glrtner, architect, 39.
Uas tixlures, 93.

modern improvements, 93.
he.iting, 1 12 ipl. 10).

stoves, 113, 114 ipls. 9, lo).

Gxsulinc stove. 1 14.
" Gauged slufl," 86.

Geomeiric stairs, 52.

Giese. architect, 144.
Gilding, 88.

Girders, iron, 56.

iron lattice, 61 (pl. 4).

Glass globes, absorption of light,

94-
passages, 140 (pl. 19).

window, 82.

Glazing, house. Si.

lead, Si.

Gothic Ixjnd, 32 (pl. 1).

Granites, varieties of, 22.

Greenhouse, the, 1 27 (pl. I4).

Groins (.irch), 35.
" Grout," 31.

Gurney hot -water heating system,

III Ipl. 11).

Gutter, roof, 1k)x, 74 (pl. 7).
hanging, 74 (pl. 7).

Gurzenich, Cologne, 46 (pl. 3).

Gymnasium, Leipsic, 133 (pl. 17).

Haao, John, in, 114.

Flail, Austin, llaivard University,

ii U'l- 2)

market, Lyons, 64 (pl. 6).

Nancy, 58 (pl. 4).

Remters, 36 (pl. 1).

festival, Dresden, 144 (pl. 19).

the, 127 (pis. 14, 16).

Hauptner, .irchitect, 142.

Flauschild, .\., architect, 120.

Haussmann, prefect, 40.

Hearths, open, 105 (pl. lo).

Heat, generation and transmission

of, 105.

Heating and veniilaling appa-

ratus, 105-113 (!''*• 9i

lO).

npimratus, object of, 105.

combined systems of, 113.

gas. 112, 113 (pl. 10).

hot-air, 109 ipl. loi.

in the U. .S., 109 (pl. 11).

hot'W.iier, 1 10, I II.

Gurney, III (pl. II).
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Heating, steam, 1 1 1 (pi. 10).

slove, 505-ioS (|)ls. 10, II).

water, lii[jli-|ire-ssure, I to (pi.

lO).

low-prc^'.ure, no (pi. 10).

Hinge, skewliuii, 54.

Hinges, 95, 96 (pis. 7, 8).

Hit/ig, arclmcct, 140.

"Holly Tree Inn,' 138.

Hospital .\ugiisia- Union, Berlin,

135 ipl. 17).

insane. State, Norristown, 134.

University, I'liila., 136 (pi. I'S).

Hospitals, American, 135.

Hot-air heating, 109 (pi. 10).

water heating, systems, 1 10, 1 1

1

(pis. 10, II).

Hotel de Ville. Paris, 40 (pi. I).

Mazarin, Taris, 141.

Hotels, 137.

House, Sigristen, 44 (pi. 3).

Houses, frame, 44.
interiors of, 127.

Swiss, 43.
weatheruoarded, 44.
wooden, portable, 41.

Hut, .\ssiyrian, 117.

Gaulic, 116 (pi. 11).

Hebrew, 117.

Laplander, 1 16 (pi. 11).

Slav, 116 (pi. II).

South .^frican, 116 (pi. 11).

Teutonic, 116 (pi. 11).

Huts, 116 (pi. II).

Industrial E.xhidition bi'ild-

iNo, N. Y., 65 (pi. 6).

Insane asvlum, Schwetz, 133 (pi.

i;)-

hospital, State, Norristown,

J34-

Institute, lying-in, Dresden, 107.

Institutions, hospital and penal,

133 (pl- '7)-

reformatory, .\merican, 137.

Iron, construction in, 55-67 (pis.

4-6).

ceilings, vaulted, 57 (pi. 4).

flat joists, 56 (pi. 4).

roof construction, 57 (pIs. 4, 5).

archrib, 61 (pi. 4|.

framing, .ittic, 58 (pi 4).

suspension, 58, 60 (pi. 4).

roofing, corrugated, 72 (pi. 7).

simple, objections to, 72.

stairways, 66 (pi. 6).

use of, in building, 25, 26.

Iron beams and girders, 56.

buildings, 62-67 (p's- 4-6)-

columns, 57 (pi. 4).

corrugated, 26.

galvanized, 26.

methods of uniting, 55.

sheet, for exterior finish and
decoration, 74 (pi. 2).

Joint, cocoinc, 42 (pi. 3).

dovetail, 42 fpl. 3).

mortise and tenon, 42 (pi. 3).

scarfing, 41 (pi. 3).

Joint-stock Spinning-works, 57, 58
(Pl- 4).

Joints, iron, methods of making,

55-
wood, methods of making, 43.

principles of construction, 43.
purposes of, 42.

Joist courses, 45.
Joists, ceiling, 46 (pl. 3).

span of, 45.
supporting power of, 45.

Kelling, E., 107, 109, III.

Key, skeleton, 98 (pl. 7).

Yale, 100.

Keys, false lock, 98 (pl. 7).
King-post, 50.

Latch, night, 99 (pl. 7).
secret-spring, 96 (pl. 8).

thumb, 96 (pl. 8).

Lathing, sheet metal, 8$ (pl. 2).

woo<len, 85.

woven-wire, 85 (pl. 2).

Laths, wooden, 85.

modern substitutes, 85 (pi. 2).

metal, 85.

Lattice girders, flat or curved, 61

(pl- 4)-

Laundry, public, Paris, 142 (pl.

19)-

Law, building, Boston, 82.

New York City, 21, 82.

Laws, inspection, plumbing, 90,

91.

Letter lock, 99 (pl. 7).

Libraries, public, 141 (pis. 18, 19).

Library, Imperial, Paris, 141 (pl.

19).

Munich, 39 (pl. l).

of Congress, new, Washington,

141 (pl. 18).

Lighting, electric, 94.

Lightning conductors, 77-80
(pl- 7).

Lime, 30.

Limestones, varieties of, 23.

Lincrusta Walton, 89, 90.

Lock, combination, 98, 99 (pl. 7).

French, 98 (pl. 7).

letter, 99 (pl. 7).

permutation, 99 (pi. 7).

time, 99.

Yale, 100 (pl. 8).

Locks, 98-101 (pis. 7, 8).

Log cabin, American, 1 13.

walls, 43 (pl. 3).

Luml)er, building, grades of, 25.

varieties of, 24.

Lunettes, 34.

Marbi.f., native, use of, 23.

Marbles, Tennessee, 24.

Marbling, 88.

Market-hall, Lyons, 64 (pl. 6).

Nancy, 58 (pl. 4).

Market-halls, 144.

Masonry', bond and, in brick, 31,

32-

stone, bonding of, 31.

of approximately regular

stone, 33 (pl. i).

of regularly-shaped stone, 33
(pl. I).

Materials, building, combination
of, 26.

brick, 21.

concrete, 24.

granite, 22.

incombustible, 27.
iron, 25.

lime, 30.

limestones, 23.
Iuml)cr, 24.

m.-uble, 23.

mortar, 29.

sand, 30.

sanilstone, 23.

selection of, 20.

stone, 22.

timl>er, 24.

travertine, 23.
painting, 80.

roofing, 67.

Mengoni, architect, 141.

Mineral-water stands, 143 (pl.

•9).

Moller, Von, architect, 51, 52.

Monument, Washington, 66, IO4.

Mortar, aerial, 30.

hydraulic, 31.

preparation of, 30.

Mortise, dovetail, 42 (pi. 3).
tenon, 42 (pl. 3).

Mouldings, ceiling, 86.

MUller, Edward, architect, 5 1, 144.
Museum, Dresden, ^^.

NeWELL'S PERMirrATION LOCK,

99 (pl- 7)-

Nurseries, day, 130 (pl. 17).

OnLIQUE SCARFING, 42 (pl. l).

Oil stoves, 1 14.

Padlock, 98 (pl. 7).

Painter's work, 80, 81.

Painting, house, exterior, 80.

interior, 87.

materials, 80.

Paints, house, exterior, 80.

interior, 87.

gold, 88.

Palace, Crystal, Sydenham, 65,

74, 144 (pis. 6, 7J.

Pantiles, 69 (pl. 7).

Paper-hanging, 88.

Pa|icrs, wall, 89.

Parliament, Houses of, London,
81.

Parlor, the, 128 (pis. 14, 16).

Partitions, 83, 84.

brick, 84.

brick-nogged, English, 84.

Paris, 84.

Iiml>er, 84.

P-iste, paper-hangers', 89.

Pavilion, garden, Munich, 63
(pl- 41-

Paxton, Joseph, architect, 65.

Penal institutions, 133 (pl. 17).

Perkin's hot-water heating system,

no (pl. 10).

" Per|iendicular " style, 37.

Perron. 38, 39, 40 (pl. 1).

Piles, use of, in foundations, 1 7.
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Pi|ies, drain-, l8.

ram, r>«if, 75 (pU. 2, ^).

vcnlil.itin^, 19.

\v.\>tc, tra|*s, 19.

I*!** walls, 29.

\\\u\ hinge, 96 (pi. 7).

I'Linning, consideralions in, 15,

16.

riaslering, coats, 84.

rixNicrwork, exlerior, 75, 76.

inlenor, 84.

hand-lKating, 84.

Sca^liola, 85.

screrding, 85.

Plumhing, house, 90-92.
• desirable ends in, 91, 92.

drains, 90.

insjieclion, laws, 90, 91.

juinls, 91.

pi|)e cunncctions, 91.

pijxrs, drain-, 92.

drip-, 91.

iron, lesi of, 91.

soil, 90, 92.

ventilators, 91.

pressure on, 92.

rain-water leaders, 91.

regulation, lioston, 90.

sewer connection, 90.

irajis. 91.

ventilation, 92.

Podest, 39.

Polish Iwnd, 32 (pi. I).

Polonceau, engineer, 58, 59.

Portable heateni, lio (pl. II).

IVst offices, American, 139.

Po/.zuolana, 31.

Price's lock, 99 (pl. 7).

Prison, Antwerp, 114 (pl. 10).

municiiKil, Cologne, 136 (pl

'7)-

Public-houses, 137 (pl. 17).

Pueblos, 116 (pl. II).

Pulley-pieces, sash, 54.
" IHiliocks," 26.

Putty, lime, 37.

QfARRIfS, GRANITE, 22, 23.

marble, 23.

sandstone, 23.

Queen-post, 50.

Radiator, hot-water, i 10 (pl.

lO).

Rain-pi]ies, roof, 75 (pis. 2, 7).

Ranges, 113, 114 (pis. 9, 10).

Rebated tiles, 69 (pl. 7).

Refonnatorj', Slate Industrial,

Huntingdon, 137.

Regulations, sanitary, 90, 91.

Riveting of iron, 55.

Rods, lightning, dimensions and
shajjc, 77.

earth connection, 78, 79.

erection of, 78.

fastenings, 79.

insulators, 79.

materials, 77.

termination, 78.

Rollers, door, 96 (pl. 7).

Roof, the, defined, 47.

curb, 48 (pl. 3).

Roof, flat-topped, 48 (pl. 3).

lean-to, 48 ipl. 3).

Mansard, 48 (pl. 3).

pavilion, 48 (pl. 3).

saddle, 47 (pl. 3).

hip|)ed, 47 (pl. 3).

construction, iron, 57 (pis. 4, $).

arch-rib, 61 (pl. 4).

attic framing, 58 (pl. 4).

sus|)ension framing, 58, 60
(pl- 41-

wou<l, 47, 48.

"couple," 49.

coverings, 67 (pis. 2, 7).

gutters, 74, 75 (pl. 7).

king-po.st, 50 (pl. 3).

oUii|ue-ix)St, 49 (pl. 3).

planning, considerations, 47.
queen-|xisl, 50 (pl. 3).

stan<ling-|xist, double, 49, 5°
(Pl- 3)-

single, 49, 50.

triple, 50.

timber, with supported joists,

with sus|)ended joists, 50.

without joists, 51 (pl. 3).

truss, susjxrnsion, combination,

50 (pl. 3).

double, 50 (pl. 3).

single, 50 (pl. 3).

trusses, timber, 49, 51 (pl. 3).

Roofing materials, 67-73.
copper. 73.

glass, 73 (pl. 7).

iron, corrugated, 72 (pl. 7).

galvanized, 73.

meLiUic, 71 (pl. 7).

pa|x;r, felt, 71.

slate, 70 (pl. 7).

diagonal, 70 (pl. 7).

double, 70 (pl. 7).

tile, 68 (pl. 7).

ancient, 68.

in the U. S., 69, 70.

single and double, 68 (pl. 7)-

fin plate, 73.

zinc, 73.

Roofs, angle of inclination, 48.

forms of, 47 (pl. 3).

Rough-cast, 76.

Safe-s 99 (pl. 7).

Sand, 30.

Sand pile, 17.

stone, varieties of, 23.

Sangerhalle, iJicsden, 51 (pl. 3).

Sanitation, modern, 92.

Sanitary regulations, 90, 91.

.Sash frames, window, nomencla-

ture, 54.

Sashes, window, hanging, 54-

Scaffoldings, construction of, 26.

Scagliola, 85.

Sc-uhng, 41, 42 (pl. 3).

School, buildings, American, 132.

(Jtrman, 130 (pl. 17).

district, Dresden. 131 (pl. 17).

Normal, (Jirls', Philada., 132.

of Music, Nati0n.1l Training,

Ixjndon, 76.

riding, Wiesbaden, 51 (pl. 3).

School, technical, Chemnitz, 13I.

village, German, 130 (pl. 17).

Schools, district, Gennan, 131.

Screcding, 85.

Seam, standing, 72 (pl. 7).

Scrvice-pi|)es, gas, 92, 93.
Sewage, 18.

Sewerage, 18.

Sewer gases, prevention, 19.

Sewers, 19.

Sgraftito, 76.

Shutter hinge, self-fastening, 95.
Shutters, window, 54.
Slag, 31.

Sl.ite-roofing, 70 (pl. 7).

Slates, bedding of, 71.

fasitenings, 70 (pl. 7).

sizes and names, 7 1

.

Society for Public Utility, 124.

Soil, compact, foundations in, 17.

soft, foundations in, 17.

.Soils, condition and quality of, 16.

Soldering of iron, 55.

Spinning-works, Chemnitz, 57, 58
(pl. 4).

Spread or footing, courses, 17, 18.

Stairs, brick, 40 (pl. I),

geometrical, 40.

iron, 66, 67 (pl. 6).

saddled, 39 (pl. I),

stone, 38.

classes of, 38.

cut, 39.
gradient, 38.

of mixed forms, 39.

platforms or landings, 40.

wooden, 52.

construction of, 53.
steps, 53.

supiwrts, 53 (pl. 3).

Stairw.ay, broken-line, 39 (pl. l).

double-headed, 39 (pl. 1).

straight-line, 39 (pl. I),

winding, 39 (pl. I).

Stairways, iron, 66 (pl, 6).

stone, forms of, 38, 39 (pl. I).

Stand, mincral-w.iier, llerlin, 143.

I'aris, 144 (pl. 19).

Standing-posts, 49.

Station, railway. Central, Birming-

ham, 58, 60 (pl. 4).

Frankfort, 62 (pl. 5).

St. Pancras, London, 61, 62

(Pl- 4)-

Steam-cooking apparatus, 1 14 (pl.

10).

healing. III (pl. 10).

companies, 1 1 2.

systems, American, 112.

Steps, arris, 52.

Steudener, architect, 133.

Stone, construction in, 28-40 (pis.

1,2).

bond and masonry in, 31.

broken, 28.

cut, 28.

building, 22, 23.

granite, 22.

limestone, 23.

marl>le, 23.

sand.slone, 23.

travertine, 23.
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Stone, framework, 33 (pi. i).

stairs, 38.

walls, artificial, 29.

ashlar, 33 (pis. i, 2).

natural, 28.

rubble, 28.

" Storm braces," 49.
Stove, coal, base-burning, 108 (pi.

II).

self-feedinj;, 107 (pi. lo).

coke, self-feeding, 107 (pi. 10).

Franklin, 108 (pi. II).

gas, Eisner & Stumpf's, 1 13
(pi. 10).

improvement for, io8 (pi. II ).

iron-stage, 106 (pi. 10).

jacket, 107 (pi. 10).

regulator, 108 (pi. 10).

tile, 106 (pi. 10).

Stoves, American, 108 (pi. ll).

classification, 106 (pi. 10).

gas, |xjrtable, 114 (pis. 9, 10).

gasoline, 1 14.

oil, 114.

Strap-hinge, 95 (pi. 7).

Structure, masonry, highest, 104.

Structures, wooden, in the U. S.,

41.

Strove, Von, architect, 63.

Stucco, 76.

trowelled, 85.

Study, the, 1 28 (pi. 14).

Substructure, foundations, 16-20.

Sunken-joist course, 50 (pi. 3).

Suspension-truss, combination, 50
(pl- 3)-

double, 50 (pi. 3).

single, 50 (pi. 3).

Temple, Greek, 33 (pi. i).

Tenon, oblique-tusk, 42 (pi. 3).

slit, 42 (pi. 3).

Tent, the, 115 (pi. 12).

Assyrian, 116 (pi. 11).

Hebrew, 115 (pi. 12).

Indian, 116 (pi. 11). .

Turkish, 116 (pi. 11).

Terra-cotta, hollow tiles, 56i(pl. 2).

moulded, 22 (pi. 2).

Tile roofing, 68, 69 (pi. 7).
stove, 106 (pi. 10).

Tiles, flat, plain, 68.

gutter, 68 (pi. 7).
Italian, 69.

metallic, 72 (pi. 2).

pan-, 69 (pi. 7).

rebated, 69 (pi. 7).
terrometallic, 69.

"Tilting fillet," 71.

Timber, building, fircproofing, 27.
qualities of, 25.

strength and durability, 24.
varieties of, 24.

connections, 41-43 (pi. 3).
walls, 43 (pi. 3).

Tower, artesian-well, 63 (pi. 4).
Eitfel, 66(pl. 5).

Friedrich-August, 63 (pi. 4).
Traps, waste-pipe, 19.

Travertine, 23.

Truss, suspension, combination,

SO (Pl- 3)-

double, 50 (pl. 3).
single, 50 (pl. 3).

Trusses, roof, iron, 58, 59, 60
(pl-4)-

timber, 49.
with plank rafters, 51 (pl. 3).
with supi>orted joists, 49

(pl-3).

with suspended joists, 51
(pl-31-

without joists, 51 (pi. 3).
Turn-buckles, 97 (pl. 7).

Vault, barrel, 34 (pi. i).

coved, 36.

cylindrical, 34 (pl. I).

fan, or funnel, 36 (pl. 1).

groined, 35 (pi. I).

lierne, 35 (pl. I).

spherical, 36.

Vaults, construction and form,

34-37-
material and bond of, 35.

Ventilation of sewers, 19.

Villa, Dresden, 119 (pl. 14).

Viollet-lc-Duc, architect, 51.

Vittorio Eminuele, Galleria,

Milan, 140 (pl. 19).

Wai.i.-papkrs, 89.
Walls, liiton, 2g.

brick, decorative eflecLs in, 22
(pl. 2).

thickness of mortar, 32.
combination of materials in, 26.

concrete, 24, 29 (pl. I).

Cych4>can, 33 (pl. |).

fireproof, 27.

foundation, 18.

thickness of, 18.

hollow, 32 (pl. I),

interior, finish of, 84.

log, 43 (pl- 3)-

jiainting, 88.

pajicring, 88.

Pisi, 29.

plaster-work on exterior, 75,76.
sandstone, 23.

selection of materials, 20.

stability of, 20.

stone, artificial, 29.

ashlar, 31 (pis. i, 2).

dampness, prevention of, 29.
disintegration of, 22.

exterior finish of, 39.
natural, 28.

robble, 28.

thickness of, 21.

timber, 43 (pl. 3).

Walter, T. L'., architect, 64.

Waste-pipes, roof, 75 (pis. 2, 7).

Water-closets, fittings of, 129 (pis.

«4. 15)-

Welding of iron, 55.
Wigwam, Indian, 116 (pi. 11).

Windhausen and Biissing, 103.

Window fastenings, 96-98 (pis.

7,8).
glass, 82.

Windows, 53, 54.

Wood, construction in, 40-55
(pl- 3)-

Work, interior, decorative, 86-90.

of buildings, 82-101.

Wren, Sir Cliristopher, 22.
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Accidents, balloon, 367, 370
(pi. 60).

railroad, clanger from stoves,

223.
Adams, 207.

Aerial Steam-Navigation Co., 374.
Aeronauts, first, 366.

Aerostation, 363-37S (pis. 60,61).
application to military purposes,

first, 368.

to scientific purposes, first,

368.

in America, early experiments,

367-
Montgolficrs' discoveries, im-

portance, 368.

(See Balloon.)

Aerostats, 364.
" .Aernslicrs,'' 368.
Ai^udio, engineer, 230.

Air-lock, the, 2(jo (pi. 50).
pump, invention of, 364.

Alarms, telcsjrapli, 350 (pi. 57).
Allen. Horatio, .

Aniji^rc, 346.
Anclior-plates, 269 (pis. 41, 42).
An};le-plates, or l>ars,20I (pi. 25).

Aqueduct, ancient, .Spoleto, 255
(pi. 41).

Croton, 342 (pi. 54).
pipe. I'liiiadelphia, 342 (pi. 54).

Washington, 343 (pi. 54).
Ro(|uefavour, 255 (pi. 41).
Wasliington, 254.

Aqueducts, canal, 313.
stone, 255 (pi. 41).

Arcade, underground railway, 246
(pl-37)-

Arcena (vehicle), 163.

Arch bridge, cast iron, first, 257.

largest in the world, 254.
bridges, Roman, 251.

wooden, 248.

construction, stone bridge, 252-

25s (P's- 39,40,41).
Arches, bridge, askew, 255 (pi.

41)-

elliptical, 255 (pi. 40).

pointed, 255.

semicircular, 254.

flat, 255.
Armature, Siemens, 348 (pi. 57).

"Artesian," derivation, 331.
well, Charleston, 336.

Artesian well, Chicago, 336.
Crenelle, 335.
Kissin^-en, 335.
Louisville, 336.
Pa.'^sy, 3.?5-

Philadelpliia, 336.
Sperenberg, 336.
St. Louis, 336.
St. Ouen, 335.
tower, Paris, 335 (pi. 6).

wells, boring, 332-335.
double, 332 (pi. 53).
early, 331.
phenomenon, 331.
principles, 331 (pi. 53).

wells, 330 (pi. z,i).

American, 336.
European, 335.

Asgil, Sir Cli.irles, 164.

Asphalt, rock, 157.

Atmometer, 293.
Atmospheric railways, introduc-

tion, 231 (pi. 36).
Augustin, 159.
Aveling, i6o.

.\xle, wagon, 165 (pi. 20).

box, 164, 165, 166.

boxes, car, 217.

Axle-s, car-, 217 (pi. 31).
Ayrton and Perry, 237.

Bacgaoe-cars, 223.
Hain, Alexander, 346, 353, 354.
Hakewell, F. C, 354.
liall.ist, railroad, 204.

depth of, 192.

Balloon, " air," lirst, 366.

aeronauts, first, 366.
ascension, first, 366.
ballast, use of, 369.
Blanchard's, 367 (pi. 60).

captive, Gifi'ard's, 37 r (pi. 61).

militar)', 370 (pi. 61).

Charlidre, 365.
"cigar-shaped," 372, 373 (pi.

60).

construction, improvements in,

369-
dirigible, 371 (pi. 61).

lie Lome's, 374 (pi. 61).

fliffard's. 373 (pi. 61).

Iliiilcin's, 374.
Joulie's system, 372.
I'orter's, 373 ^pl. 60).

Balloon, double, De Rozier's, 367
accident to, 367.

electric-motor, Renard and
KrcIVs, 375.

Tissandier'.s, 375 (pi. 61).
fish shaped, 372, 373 (pi. 60).
hot air, first, 365 (pi. 60).

hydrogen-gas, exiieriments with,

365.
first, 366.

displaced by illuminating

gas, 369.
inflation, 370 (pi. 60).

invention of, 364.
" Le Cdant," Nadar's, 370.

catastrophe to, 370 (pi. 60).
" Montgolfidre," 365 (pi. 60).
motor, gas, 374.

electric, 375.
'' Na.ss.an," Green's, 369 (pi.

60).

"Neptune," bursting of, 370
(pi. 60).

pro|)ellers, 373.
rudder, first suggestion, 373.
scheme of Lana, 364.

sha|>e and phenomenon, 364.
siege of Paris, 374.
voyage, (ireen's, 369.

Balloons, captive, 370 (pi. 61).

dirigible, 371 (pis. 60, 61).

(See Aeioilation.)

Bank of England, 335.
Banks, river, 294.

Bariow rail, 199 (pi. 24).

Batteries, telegrapli, 348.
Batter)', voltaic, 345.
Beach, E. A., 233.

Beach, river, 294.

Bed, river, 293.

licll, Alexander Craham, 362.

Bell-signals, conductors', 229.

Bender switch signal, 227 (pi. 28).

Benna (vehicle), 163.

lienlley-Knight, 243.

Bessemer, Sir llciirj', 168, 171,

197, 199.

"Best Friend," locomotive, 176
(pi. 22).

Bethell, 194.
" Big Ixwp," the, 230 (pi. 34).
Birkensh.aw, 171, 198.

Black, lYiifessor, 364.

Blake, Eli Whitney, 158.

itX
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Blanchinl, Jean I'ierre, 367, 371.

Hlenkiii>»|>, 172.
'• Block-si^Miol,' 226 (pl. 20.
Boats, touiiii;, chain or cable, 303

(pl. 39).

UOWkellierK, 1 09.

Iviickiiiaiin, 345.
Bullmaii, Wcnilel, 259.

li^mclicnc's j-ruccss, 194.

Bowstrini; ginler, 259 ^pI. 43).

Boxcars, 224.

Bmitliwaiie, John, 174.

Brakes, hand, 219 (pl. 30).

power, 219 (pl. 31).

Brti;uel, Ix>uU, 354.
Bridge, arch, wroughi-iron, first,

268.

construction, American and

European systems com-

ixirol, 261 n.

cable-sus|>ensinn, anchorage,

269 (pis. 41, 42).

bearings, 269.

columns, 260 (pl. 42).

in the U. -S., 277.
iron, in .\merica, 261.

roadw.iy, 260 (pis. 43, 45).

piers, 272', 273, 287-290 (pl.

50).

spans, 24S.

stone, arches, 252, 254 (pl.

39).
supports, 248 (pis. 39, 43).

deck, 260 (pl. 45).
detined, 247.

street footway, 158 (pl. 20).

suspension, cable, tirst, in U. S.,

269.

primitive, 268 (pl. 38).
truss, Hollnian, 259.
wire ro)*, 269 (pl. 48).

through, 260 (pl. 43).
tubular, tirst, 260.

Bridge, .\3i, at Berne, 255.
AlcanLara, the, 25 1,

aqueduct, 543 (pl. 54)-
Benwoo<l, Ohio, 263.
Boyne, Drogheda, 263.
Cabin John Creek, arch, 254.
Oesar's, 250 (pl. 38).
canal, Vienna, 263, 270.
cantilever, P"irth of Forth, 266

(pl. 46).

Japanese, ancient, 268 (pl.

38).

Niag.ora Falls, 266 (Frontis-

piece).

Chaiclleraull, 255.
Ojallirookdalc, 257.
Columbia, I'hilada., 250.
Craigellachie, 257 (pl. 47).
Cron, St. Denis, 26S.
Croyland, 251 (pl. 40).
Danulic, .'^ladilau, 264.

Vienna, 263.

Dora Kiparia, Turin, 253.
IXiuro kivcr, 268

(
pl. 47).

draw, Arthur Kill, 274 (pl.

49)-
Marburg, 268.

pontoon, Nebraska Citv, 275

(P'- 47)-

Bridge, "flying," China, 251.

Elbe, Ilamlmrg, 263.

lever, I'ope's, 2b6 (pl. 38).

Girard .\venue, I'hilada., 267.

Gloucester, 255.
Grosvcnor, 253, 255.
Harlem Kivcr, 26S (pl. 47).

Hollands- Diep, .Moerdvk, 263.

H6lel de Ville, I'aris, 268.

Kentucky River, Dixville, 263.

Kinzig, OlTenburg, 264 (pl. 43).
Kleinwolnisdorff, 255.
I^achine, Montreal, 265.

Ladenburg-Neckar, 255.

Lek River, Holland, 263.

lift, 274 (pl. 49).
Lonilon, new, 255.

old, 252 (pl. 40).
Micon, 286.

Mariie, Xogent, 285.

Mayence, 259 (pl. 43).
Medway, Rochester, 2S6.

Mexican, primitive, 250 (pl.

38).

Miramichi River, 262n.
MissLssippi, Keokuk, 264.

Missouri Kiver, 265.
Kansas City, 263.

Nikko, Japan, 266 (pl. 38).
of St. Louis, Paris, 257.

Ohio River, Cincinnati, 262,

263.

Louisville, 263.
Parkersburg and Bellaire, 263.
Parnitz, Stettin, 285, 288.
" Point," Pittsburg, 270 (pl.

48).

Pont d'.\Im,i, P.iris. 254, 255.
Pont du Jour, I'aris, 256 (pl.

41).

Ponte-Ferrato, 251.
Pontoise, 255.
pontoon, railway, Maxau, 275

(pl- 39)-
Pope's flying-lever, 266 (pl. 38).
Portage, new, 264 (pl. 45).

old, 250 (pl. 38).

Potomac Creek, 250.

PoughkcejKie, 265 (pl. 46).
Quattro-Capi, 251.
Rhine. Coblenz, 26S (pl. 43).

Cologne, 263.

Griethausen, 263.
Ilanim, 263.
Kehl, 287, 288, 290 (pl. 50I.
Mannheim.Ludwigshafe n,

263.

Mayence, 263 (pi. 43).
Royal Gorge. 272 (pl. 44).
Ruhr, Muhlheini, 268.

Saintes, 252 (pl. 40).
Sallash, lenticular, 259.
Santa Trinita, Florence, 255

(pl. 40).
Schaflhausen, 249 (pl. 38).
South Street, I'hilada., 273 (pl.

50).

Soulhwark, Ixindon, 257.
St. Chamas, 252 (pl. 40).
St. Charles, 263.

.St. iJenis, Villette, 268.

St. Gall. 273.

Bridge, St. Louis, 265, 268, 289
(pis. 47, 50).

St. Malo, roUing, 275 (pl. 49).
St. Paul, highway, 267 (pl.44).

Stadtlau, 201.

Steubenville. Ohio, 263.
suspension. Albert, Chelsea,

272.

Bangor. Menai Straits. 272
(1>I- 43).

Clifton, Niagara Falls. 27 1.

Conway. Menai Straits, 272.

Danulie. Pesth-Ofen, 272.

Dordogne, Cubzac. 272, 273.
East River. 271, 2Si9. 290

(pl. 48).

Fairmounl. I'hilada.. 269.

Franzens. Prague, 272.

Franz-Joseph. Prague. 271.

272.

Hammersmith. London, 272.

Hungcrford, London, 272.

Kietf, Russia, 29I.

Maas, Seraing. 272.

Niagara F.ills, 270, 271.

railw.iy. 270, 271 (pl. 48).

Ohio River, 271.
" Point."' Pittsburg. 272 (pl.

4S).

Roche- Bernard. 272.

Saine, Fieiburg. 272.

Tam.-ir, SalLish. 263.

Theiss, Szegedin. 268.

Trent, 257.
tubuKar, Britannia. 258 (pl. 43).

Conway, 258.

Victoria. 258.

Victoria, Montreal, 285 (pl.

41).

Vistula, Dirschau, 263 (pl. 43).
\V.ial, Hommel, 263.

Wear, 257.

Wearmouth, 257.

Wcrnwag's. 249 (pis. 42. 44).
Weser. Bremen. 285.

\Vettingen, 249.

Wye, Chejistow, 263.

Bridges, 247-278 (pis. 38-49).
cantilever, 265 (pis. 38, 46).

chain sus|>enslon, earliest, 269
(pl. 41).

Chinese, 251 (pl. 40).

classification, 247.

combination. 267.

draw, 274, 275.

origin. 247 (pl. 40).

Egyptian, 251.

flying. 275 (pl. 39).

girder, 247 (pis. 39.43).
Lattice, 260 (pis. 42, 43).

Greek, 251.

in the United States, 278.

lift, 274 (pl. 49).
movable. 273-276 (pis. 47, 49).
pivot. 274 (pl. 49).
pontoon. 274 (pl. 39).
railway, .Vmerican, original,

26ln.
rolling, 274.

Roman, 251.

suspension, 247, 268-272 (pis.

41, 48).
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Bridges, suspension, advantages
of, 270.

chain, earliest, 269 (pi. 41).
classes of, 269.
disadvantages, 270.
nolalile American, 271.

European, 272.

iron, 257-263 (pis. 42-49).
cast, earliest, 257 (pi. 47).
expansion and contraction,

260.

girder, bowstring, 259(pl. 43).
construction, 260.

framed, 259 (pis. 42, 45).
lenticular, 259 (pis. 43,44).
notable, 262, 263.

plate, 257 (pi. 43).
trestle, 264.

truss, 259 (pi. 45).
tubular, 25S (pi. 43).

disadvantages, 258.
wrought, 257 (pi. 43).

arch, 267 (pis. 43, 47).
steel, 265 (pis. 46, 47).
stone, 251 (pis. 39-41).

ancient, 251.

arch construction, 252-255
(pis. 39,41)-

classilic.ition, 252.

mediceval, 251 (pi. 40).
wooden, 248-251 (pis. 38-44).

.•\incrican, 249.
arch, 248.

classilication, 248.

early, 249 (pi. 3S).

gitder, 248 (pi. 39).
piers, 249 (pi. 39).
strut, 248 (pi. 39).
trestles, 249 (pi. 39).
truss, 247 (pis. 39, 43).

early. 249 (pi. 38).

frame, 248 (pi. 39).
Brooks, 357.
" Brothers of the Bridge," 255.
Brougham, 166 (pi. 21).

Brunei, I. K., 199.

Sir .\I. I., iSS, 1S9.

Brunton, William, 173.

Bryant and Ilyett, 237.

Buffer-spring, 218 (pi. 30).

Buggy, .-Vmericaii, 166 (pl. 21).

Buildings, lailroad, 210-214 (pis.

28, 29).

Bulkhead, tunnel, subaqueous, 188

(pl. 26).

Thames, 1S8 (pl. 26).

"Bull-headed" rail, 200.

Burnett, Sir William, 194.

Burnettizing process, 194, 195.

Burr, Thomas, 249.

Cab, derivation, 166.

Cable railways in American cities,

240.

inclined, 229, 230 (pl. 34).
street, 239 (pl. 37).

telegraph, 351 (pl. 58).

Cables, submarine, telegraph,

tran.satlantic, 358.
construction, 358 (pl. 57)-
currents of, 359.
laying, 358.

Cabriolet, 166 (pl. 21).
original of, 167.

Calash, 166.

Canal, Cavour, irrigation, 328 (pl.

52).
Champlain, 319.
Corinth, 31S.
Danube, 261.

de Borgognone, 319.
du Centre, 319, 321.
du Midi, 319.
Eider, 318.
Ellesmere, 315.
Erie, 304, 319.
Franz Jo.seph, 315.
Frederick William'.s, 318.
Grand Junction, 319.
Great Western, England, 314.
Holstein, 318.
Ketling, 319.
Languedoc, 319.
Leeds and Liverpool, 319.
Ludwig, 318.
Morris, 319.
Miihlruscr, 318.
Napoleon L's, projected, 316.
Neufo.sse, 320 (pl. 51).
North Holland, 317, 319.
Oxford, 319.
Rhone- Rhine, 319.
Ruhr, 318.

ship-, Manchester and Liver-

pool, 3 1 8.

New .Amsterdam, 317.
Nicaragua, 318 (pl. 56).
Panama, 317.

Suez, 316 (pl. 52).
Trent and Mei>iey, 319, 320.
Voorne, liullaiid, 31S.

Welland, 319.
Canals, 312-323 (pis. 50-52, 56).

advantages of, 312.
construction, 313.
elevator for, hydraulic, 3 14, 320

(pl-50-
European, existing, 31S.

inclined planes, 319 (pl. 52).

lock-chamber, construction, 3 1
5.

gates, construction, 315 (pl.

52)-
*

locks, arrangement, 314 (pl.

52)-

flood-gates of, 315.
0[>eration of, 316.

sluices of, 314 (pl. 52).

of the United .States, 319.
towage, 230, 232.

water-supply, 313.
loss \i\ water, 314.
surjilu.s 313.

Caisson, 2S4, 287-289 (pl. 41).

disea-se, 290.

Caissons, plenum process in, 287.

Canon, Colorado River, 294.

Cantilever bridges, 265 (pis. 38,

46).

Car-axles, 217 (pl. 31).

brakes, 218-220 (pis. 30, 31).

couplings, 218 (pl. 30).

spnngs,'^2l7 (pis. 30, 31).

transfer ajjparaius, Ramsey, 180,

207 (pl. 31)-

Car-trucks, railroad, American,

^ ,

215 (pl. 32).
wheels, railway, 215, 216 (pis.

22, 30).
street-railway, 239.

Car, composite, English, 221 (pl.

u
30).

heatmg, American, 222.
hghting, 223.
parlor, American, 220 (pl. 31).
passenger, American, 220.
platform, 224.

pneumatic, 232 (pl. 37).
refrigerator, 224.
shed.s, 214.

sleeping, American, 220 (pl.

30.
system, American, in Europe,

220.

systems, English and American,
220.

ventilation, .American, 222.
vestibule, 222 (pl. 32).

Car^ientum (vehicle), 163.
Carriage, steam, compartment,

English, 220, 221 (pl.

3°)-
running gear, 164, 165 (pl. ao).

springs, 168 (pl. 20).

use of, 167.

steam, first, 171 (pl. 22).

wedding, Leo|x)ld's wife, 163.
Carriages, defined, 162.

first use of, 163.

French, 163.

use forbidden, 163.

German, 163.

glass windows, fii-st used, 1 64.

medi.xval, magnificence of, 164.

modern classes of, 166 (pl. 21).

pleasure, .\mcrlcan, product,

168.

railway (see Car).

Roman, 162, 163.

Carrouches (vehicles), 164.

Carruca (vehiclet, 163.

Cars (road vehicles), 164.

railway baggage, 223.
cattle, 224.

e.irly, 214.

"class," European, 221 (pl.

30).

express, 224 (pl. 32).
freight, 224 (pl. 30).

crude, 224 (pl. 30).
German, 221.

pahtce, .American, 221.

passenger, American, 220
(pis. 30, 31.)

English, 220 (pl. 30).
street, 239.

posl.al, 223 (pis. 30, 32).

street, .selfpro|ielling, 241.

vestibule, 222 (pl. 32).

Carts defined. 162.

Ctoelll, 354, 355.
C.isl-iron fxivenients, 157 (pl. 20).
" Catchment basin," 293.
Causew.iy, ancient, 170.

timlwr, 150 (pl. 20).

Cavallo, Tiberius, 345, 364,
Cavendish, Henry, 364.
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Centres, stonebriJge, 2S3-

Cci>art, 160.

Chair, nul, Eiisli>h, 196 (pi. 24).

sv>lem>, im) (pi. 2A)-

Chainiitrlayiit:, Mr Thunias, 164.

C'liamlxrrs, Mr William. 164.

Channels, river, nioditicalion of,

lockulislructions, 301 (pi.

55'
slraiyliicning, 300.

trans|x)rt.ition and deposition

of material, 294, 295.

Chares (vehicles), 164.

Chariots, Egj-plian, 162.

English, 104.

(jrcck, 162.

Roman, 162.

Charles (aeronaut), 366, 367.

Charts, river, 296.

Chatlerton, 359.
Chauvin, 357.
Cipriani, artist, 164.

Circuit, telegraph, closed, 349.

open, 349.
Stciiilicil's discovery, 347.

Cisterns, 330.

City railwavs, 238-246 (pis. 35-

371-

steam motors on, 240.

Clarke. 1). K.., 199, 200.

E., 320.

Thomas Curtis, 261, 277, 278.

Clegg, "-.ainutl, 231.

Chppulley, 303 (pi. 51

K

Cloaca Maxima (sewer), 251.

Coach. Berlin, 166.

English (modern), 166.

lord mayor's, London, 164.

I7lh century, 164 (pi. 21).

state, royal, English, 164.

Italian, 164.

Coaches, English, introduction of,

164.

hackney, first use, 166.
" imperial glass," 163.

public, inlroduction, 166.

.\nierican, 1 67.
" Coasting railways," 244 (pi. 36).
Cofle, signal, 228.

Coffer dams, 285.
Columns, bridge, 260 (pi. 42).

Pha-iiix. 264 (pi. 42).
Colusalngc, 327.
Commutator, plug, telegraph, 349

(|>1- 57).
Com|>anles, express, 213, 224.
Compressed-air motors, 241.

Concrete, subaqueous deposition

of, 284.

Construction, balloons, 363-378.
bridges, 247-278.
hydraulic works, 278-292.
railru.iils, 177-246.
roa<l, 149-155.
street, 155-158.
Iclcgraphs, 344, 362.
vehicles, 162-170.

Conic, Joseph Ic, 378.
Conveyances, public, American,

.67.

Euro|)eaii inlroduction, 166.

Cooke, W. F., 347. 350, 352.

Corduroy roails, 150.

Cou])*, 166 (pi. 21).

Coupling, Janney, 2l8 (pi. 31).

link and' pin, 2l8 (pi. 30).

safety, 21S ipl. 31).

screw , 218 ipl. 30).

Cow[K.-r, 354.
Coxwcll. II. T., 369, 377.
Creosoliiig process, 194.

Crcsy (autliori, 252.

Cribi, liml)er. 281, 284 (pi. 50).

Crossings, railroad, 208, 209.

streel, 158.

Cross-lies, railroad, 192, 193, 203.

glass, 197.

preserv.itive processes, 193-

'95-

steel, 197.

use and outlay for, in America,

'95-

wruught-iron, 196 (pi. 24).

Crysl.1l I'alace, pneumatic railw.-iy,

232-

Cugnot, Nicola.s Joseph, 171.

Culverts, railroad, 185, 208 (pi.

26).

Currents, river, velocity, 294, 295.
effect of, 294.

Curves, railroad, 179.

elevation of rail at, l8o.

locomotive wheels on, 179,

180.

Gushing, S. B., 282.

Cuttings, railroad, 182 (pi. 26).

slopes of. 184.

slaliility of, 1S4 (pi. 24).

Cylinders, cast-iron, 282.

D.-M-T, L., 243.

Dam, Davis Island, 310 (pi. 56).

Monongahela Slack- water Navi-

gation, 309 (jil. 56).

on the Juniata, 309 (pi. 56).

Schuvlkill Navigation, 309 (pi.

'

56)-

Dams, 297.
classes of, 306.
cross, 298 (pi. 57).
draw-door, or overfall, 31 1 (pi.

57)-
foundation, 280.

frame or needle, 309, 310 (pi.

57)-
masonry. 306 (pi. 57).

founding of, 307 (pi. 57).
movable, 309.

needle, 309 (pis. 56. 57).

oblique and curved, 306.

side-channels, 311 (pi. 57).

timber, conslniction, 307 (pi.

56).

in the United Stales, 307-
300 (pi. 56J.

uses of, 305.
Darby, .\braham. 257.
D'.\rlandes, Manpiis, 366.

Defensive works, 296 (pi. 57).
Delaney, 354.
Delias, river, 294.
Denis, 175.

Derrick, artesian well, 333.

Despalch-lube, pneumatic, 232

(l>l- 3°)-

Dial telegraphs, 351 (pi. 57).
Diligence, French, 106.

Dish of a wheel, advantages, 165
(pl. 20).

Ditches, railroad, 184, 185, 204.

Divisions, railroad, 209.

Dog can (carriage), 166.

Drag, • Tally-ho," 167.

Drain.age area of rivers, 293.
artilicial, 325.
hindrances to, 323.
machinery, 325.
objects of, 323.
of Haarlem Lake, 32$.

of the Zuydcr Zee. 326.

plans. 324.
railroad (ditches), 184 (pl. 24).

road, 153.

street, 1 55, 156,

systems, covered, 325.
open, 324.

works, 324.
Drain-pi|x;s, 325.
Drains, embaiiUnient, 305.

railroad, 208 (jil. 26).

Draw-doors, coiislruclion, 310.

operating-mechanism, 311 (pi.

57)-

Drill, diamond, 335 (pi. 53).

Drilling cable, artesian well, 334.
machines, 189 (pl. 26).

compressed-air, 186, 188, 189
(pl. 26).

sle.im, 1S8 (pl. 27).

Driven wells. 331 (pl. 53).
" Drowned dam," 306.

Drum-dam, 310.

Duchess of Mecklenburg, 163.

Dujardin, 354.
I)u)mint, 169.

Dykes, 304.

catch, 298.

Eads, James B., 265, 292, 299,

321-

Edison, Thomas A., 360.

Eggerl, inspeclor. 212.
** Eilwagen." 166.

Eleclress of Brandenburg, 163.

Electric lighting of cars, 223.

motors, wire-rope, railways,

237-
railways in operation, 242.

Elevated railway, Meigs, 244 (pl.

35)-
railwavs, modern, 244 (pis. 35,

37).
primitive. 235.

Elevator, can.1l, hydraulic, 320,

321 (pl. 511.

Ellelt, Jr., Charles. 260

Embankments, coiislruclion of,

3°4.

railroad, 182, 1 83 (pl. 24).

materials, 184.

sloj)es of, 184.

river. 280. 297. 298.

slability of, 305.
Emnion, 238.

Ericsson, Capt. John, 174.
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Erosion, 294.
Essedum (vehicle), 163.
Evans, Oliver, 172.

Excavating-niachines, iSjfpl. 27).
Excavation, Hood Rock, 301 (pi.

551-
Hallet's I'uint, 301.
tunnel, nnxie, 1S6, 187 (pi. 27).

Exhibition, Centennial, 23S, 362.
Electric, Munich, 241.

Explosives, hiyh, 182, l88.

Express-cars, 224 (pi. 32).
system. United States, 213.

Fac-simii.f. transmission tele-
CKAI'IIS, 354.

Fairbairn, William, 258.
Fanner, Moses G., 227, 354.
Farnese, Edward, marriage, 164.

Fascines, 291, 297 (pis. 55, 57;.
Fell, 233.
Fellies, wagon, 165.

Ferries, flying, 275 (pi. 39).
railway, 276 (pi. 39).

by inclined planes, 277 (pi.

39)-
by vertical movements, 277.
Lake of Constance, 277.
Rheinhausen-Hochfeld, 276

(Pl- 39)-
Ferry, railway, Homburg-Ruh-

rort, 277.
Ferryboat, transfer, movable-deck,

277 U^l- SO-
Fiacres, 166.

Field, Cvrus \V., 358.
"Fifth-wheel," 168.

Filter-beds, water, 339 (pl. 52).

Filters, water, domestic, 340 (pl.

52)-

Filtration, water, artificial, 340
(pl. S2|.

natural, 339 (pl. 52).

Fink, Albert, 259, 264.

Finley, 269.

Fisher, Clark, 202.

Fish-plates, 201 (pl. 24).

Flagg, J.
Foster, 250.

Flange-rail system, 199 (pl. 24).

Fleurus, battle of, 368.

Flying bridges (ferries), 275 (pl.

39)-
lever bridge. Pope's, 266 (pl.

38).

machines, 377 (pl. 60).

Fonville, 340.
Foundations, excluding water,

280.

freezing process, 291 (pl. 50).

hydraulic, 278-292 ^pls. 41,

.SO),

in unstable ground, 279.
mechanical appliances, 279,

282. 283 (pl. 50).

of biton, 281.

pile, 280 (pis. 41, 50).

plenum process, 286.

random stone, 281.

subaqueous, 279, 284, 2S5.

vacuum process, 286.

Francq, 240.

Franklin, Benjamin, 373.

Franiz, 212.
|

Freezing process, PoeUch, 291
(pl- 50).

Fusee, railway, 228.

Gas, hydrogen, discovery of,

364-
Gauge, rain, 293.

track, narrow, 180.

standard, 180.

Gauges, water-level, 296.
Gauss and Weber, 346, 347.
Gay-Lussac, 377.
Gerber, 259.
GifiVird, 371, 373, 374.
Gilliland, 360.
Gillmore, 152-154, 160.
Gintl, Dr. W., 354.
Girder bridges, classes, 247, 248

(P's. 39.43)-
iron, 257-260 (pl. 43).

notable, 262.

bowstring, 259 (pl, 43).
framed, 259 (pis. 42, 45).
lenticular, 259 (pis. 43, 44).

Glaisher, James, 377.
Godard, Eugene, 370.
Gondola-cars, 224.

Gorge, Niagara River, 294.
Royal, 272.

Gorges, formation of, 294.
Grades, railroad, 178, 182.

Graff, Frederick, 342.
Grandis, 189.

Grant, U. -S., 317.
"Grasshopper" locomotive, 176

(pl. 22).
Grattoni, 189.

Gravel roads, 152.

screens, 159.
Gravity railwav, Thompson's, 244

(iJ- 36)-
Greaves, 1 06.

Green, Charles, 369.
George, 369.

Gregory, 225.

Griffin, 196.

Grillage, 280, 281 fpl. 50).
Grubenmann, 249.
Guericke, Oiio von, 364.
Gullies, railroad, 208.

Guzman, Don, 364.

Hackney-coaches, introduction,

166.

Hackworth, Timothv, 174.

Hall, 188, 227.

Hallidie, 239.

Hal>kc. 241. 349. 350-
Ilanlein, 374.
Hansom, the, 167.

Harbfirs, construction of, 281.

Hartwich, 197, 201.

Haupt, General Herman, 250.

Lewis M., 245.
Haworth, 239.
Hayfonl, l<)4-

Heating, car, 222.

Hedley, 173.

Henry, 243.
High-water, 294.

Highway, first German, 150.

Highways, early, purposes of, 150.
Roman, 149.

Hilf, 197.

Hotlgson, 235.
Hollond, Robert, 369.
Hotel, Continental, Phila., 336.
House, Royal E., 354.
Howe, William, 248.
Hub, wagon, 164, 165 (pl. 20).
Huber, 242.
Hughes, 286.

UE.,354.
Muntinglon, 192.
Hydraulic engineering, 278-292

(pis. 41, 50).
Hyelt, 237.

Ice-jams and gorges, 295.
Inclined-plane railways, 229 (pl.

34).
Insulators, telegraph, 357 (pl. 51).
Interlocking switch and signal,

227.

Irrigation by distribution, 328.
by flix>ding, 328 (pl. 52).
object of, 327.
sewage for, 329,
works. United Stales, 328.

Janney car-coupling, 218 (pl.

30-
JefTries, Dr. John, 367.

Jenkin, Prof. Fleeming, 236.
Jcssop, William, 171.

Jetties, 297, 298.

South Pa.ss, 292, 299 (pl. 55).

Joints, rail, supported and sus-

pended, 202 (pl. 24).

Joulie, 372.

Julien, 242.

Keys, telegraph, 349 (pl. 57,
5S).

Knight, Edward H., 165, 207,

232, 233. 238-

Kratzenstein, 364.
KrelK, 375, 376.
KoyI, 225, 226.

Kyanizing process, 193.

Lafitte (coach), 166.

LaIni, Romaine, 367.

Lamp-signals, conductors, 229.

Lana, Francis, 364.

Landau, 166.

Landaulette, 166 fpl. 21).

Leiper. Thomas, 175.

Leroyer, 275.

Le .Sage, 345.

Lcssei^s, Ferdinand de, 316, 317.
" Levees," 280, 297, 304.

I.hooit. 368.

Lichlenlwrg, 364.

Lighting, car. 223.

Lock-chamlier, canal, construc-

tion. 315.

gales, canal, construction, 315
(pl. 52!.

Locks, canal, arrangement of, 314
(pl. 52).

concrete, 315.
operation, 316.
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Locomotion, steam to, first ai)|)U-

caliuii, 171.

lyoconionvc, Aimricinbuill, firel,

170(1.1.^1).

Ballimurc and <.lhio, first, \^().

" Hot Kncnii," 176 (pi. 22).

Blcnkinsup's, 172 (|>1. 22).

BmiUon's, 173.

"tireless," 240.

fii>l, in .Vnicrica, 176.

Tre%illiickN 172 (pi. 22).
" Gras»hop|<r," 176 (pl. 22).

"Novelty," 174.

"No. I," 173.

"PuftiiiK Billy," 173 (pi. 22).

"kockei," 174, 176 (pl. 22).

"San^iurcil, ' 174.

"Slourl'n<i(;c Lion," I76.

"Woi I'oint," 176 (pl. 22).

"York," 176.

Locomotives, dummy, 240.

early, in the L'. S., 176.

Medley's, 173.

history of. 170-177 (pls.21-23).

Stephenson's, 173 (pl. 23).

tractive [wwcr, 1 78, 179.

LOme, Dupuy de, 374.
I^omond, 345.
Losh, 216.

Lowlands, 294.
Low-water, 294.

Mac.Adam, J. L., 151.

Neill, Sir John, 153.

Machinery, drainage, 325.
Machines, drilling, iSS, 189 (pl.

Si)-
excavating, steam, 183 (pl. 27).

flying, 377 <pl- 60).

rail-bending, 201 (pl. 24).

road-rolling, 160 (pl. 20).

street-sprinkling, 162 (pl. 20).

sweeping, 161 (pis. 20, 21).

Magnetism, electro-, discovery,

346.
Maisonfori, .Marquis de, 368».
".\Ialle poste," 166.

Margarila of Tuscany, 164.

Marie-lJavy, 348.
Marriott, 374.
Marsh, Sylvester, 233.
Ma.schek, 169.

Mason, Monck, 369.
Mattresses, fascine, 292, 297 (pl.

57).
Medhur-I and I'inkus, 231, 232.
Meidingcr, 348.
Meigs, jus. v., 244.

General M. C, 254, 343.
Mekarski, 241.

Mennier, 372.
" .Messagcncs Roy.tles," 166.

Mitchell, .\lexander, 282.
Muntgolli^re, 365.
MontgoHicr, Joseph, 364-368.

Sie|)hen, 364-368.
Monn, 154, 169.

Morse, Samuel !'. li., 347, 349,
352-354.

Motors, compressed-air, 241.
electric, wircnipe railways, 237.
Steam, on city railways, 240.

Mountain railways, 233, 234 (pis.

26,341'.

Movable bndgcs, classification,

273 (pis- 47, 49)-
dams, 306.

Mt. Kigi Kailw.-iy, 234.
Washington Railway, 233, 234

fpl. 34)-

Mulholland, James, 258.

Multiplier (telegraph), invention,

346.

Mushet, 171.

Nadak, F. (aeronaut), 370.
NaefT, 234.
N-ismyth, James, 283.

Navigation, river, conditions for,

301.

Needle-dam, mmlifications of, 310.

telegraph, 350.
double, 351.

Newton, General John, 301.
" Novelty " locomotive, 174.

Oersted, Hans C, 346.
Offensive works, 298, 299 (i>l. 57).
(Jmnilms, modern, prolutype, 167.

Ordish and Lefeuvre, 271.
" Overfall dams," 306.

PaI-MKR, 237.
Pan-telegraph, Caselli's, 334, 3S5

(pl- 57).

Papin, Dr. Denis, 231.

Parlor-car, American, 220 (pl. 31).

Passenger-coaches in America,

167.

posts, German, 166.

Pauli, 259.
Pavement, a.sphalt, 157.

cast iron, 157 (pl. 20).

cobble-stone, 156.

rubble-stone, 156 (pl. 21).
tile, 156 (pl. 20).

wooden, 157.

Pavements, 155-158 (pis. 20, 21).
" I'cal liogs, ' 323.
" Perambulator," 239.
Permanent-way, metallic, 197.

Barlow's, 197 (pl. 24).
Greaves', 196 (pl. 24).

Ilartwich's, I97 (pl. 24).

Hilf's, 197 (pl. 24).

SchitHer's, 198 (pl. 24).

Perronct, 255, 256.

Perry, John, 237.
Phaeton, 166 (pl. 21).

Phel|», 354, 360.

Piers, bridge, 272, 273.
Ka..-t Kiver, 289 (pl. 48).
Kehl, foundation, 287, 288,

290 (pl. 50).

Parnitz, 288.

sinking, 273.

St. Louis, 289 (pl. 50).
wooden, 249 (pl. 39).

Pile-drivers, gunpowder, 283 (pl.

50).

hand, 282 (pl. 50).
steam-|K)wer, 283.

Pile driving, 280, 281.

protection of heads in, 283.

Pile foundations, 2S0, 2S1 (pis.

41. SO)-

sand, 282.

screw, 282 (pl. 50).

sinking, water-jet, 2S3.

Piles, casiiron, 281.

cylinder, 282.

protected by stone, 281 (pl.

50).
timber, 280 ipls. 41, 50).

wroughl-irun, 2S2 (pl. 50).

Pijic systems of water distribution,

342-
valves, water, 344.

Pipes, water-di.^^lributing, 343,344
(pis. 52, 54).

Pitot, Henri, 296.

Planes, inclined, on canals, 319
(pl. 52).

railway, 229 (pl. 34).
Plank roads, 150 (pl. 20).

Planning, railroad, considerations

in, 177, 181.

Plenum proce-ss, 273, 2S6 (pl. 41 ).

in caissons, 287.

modifications, 2S7 (pl. 41).

Pneumatic despatch-tube, 232 (pl.

3°)-

radway, 232 (pl. 37).
Beach, 233.
Crystal Palace, 232.

London, 232.

Poetsch, 291.

Pontoon bridges, ancient and
modern, 274, 275.

Pontormo (artist), 164.

Pope, Thomas, 25 1, 266.

Porter, Rufus, 373.
Post-line railways, 237 (pl. 35).
Potts, Dr. L. W., 286.
" Poultice (lavements," 157.
Powell, Major J. \V., 328.

Process, freezing, Poetsch, 291
(pl. 50).

plenum, 273, 286 (pl. 41).
in caissons, 287.

modifications, 2S7 (pl. 41).
vacuum, 273, 2S6.

"Puffing Billy," locomotive, 173
(pl. 22).

Pullman, George M., 222.

I'ump, air, invention, 364.
sand, 289.

wells, 330.
I'ush button, electric, 350 (pl. 57).
Pyramids and temples, Lgyptian,

170.

Rail, THE, development of, 171.

B.irlow, 197, 199 (pl. 24).

bridge, or Brunei, 199 (pl. 24).
broad-base. 199 (pl. 24).
"bull-headed," 200.

connections, 201, 202.

angle-plates, 201 (pl. 25).

bridge-joint, 202 (pl. 25).
fishplates, 201 (pl. 24).

plate-fastenings, nut-locks,

201, 202.

spikes, 202 (pl. 24).
supjiorted jdinls, 202 (pl. 24).

sus|<ended-joint, 202 (pl. 24).
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Rail, chair-, double-headed, 199,

200 (pi. 24).

English, 196 (pi. 24).

single-headed, 199 (pi. 24).

chairs, 201 (pi. 24).

edge-, cast-iron, Je.ssop, 171

(pi. 22).

fasteninjjs, 199 (pi. 24).

flange-, 199, 200 (pi. 24).

Hartwich, 197, 20i (pi. 24).

steel, first, 171.

street-car, 199 (pi. 24).

T-, 171. '99 (I'l- 24)-

Rails and fastenings, 198-204.
cast-, fnst, 171, 198 (pi. 22).

comi»site, 197, 198 (pi. 24).

first, materials, 198.
" fi.sh-bellied," 198.

forms of, early, 198.

modern, 199 (pi. 24).

rolled, first, 198.

size and weight, 171, 200.

steel, 171, 198.

strains to which subjected, 200.

street railways, 238 (i>l. 20).

sup|x>rts for, 192 (pi. 24).

tram, 171.

wrought-iron, 198.

first, 171.

Railroad, the, prototype, 170.

cars, 214-225 (pls. 30-34).
construction, 177-246 (pis. 24-

cross-ties, 192-195 (pi. 24).
spacing, 193 (pi. 24).

steel, 197.

timber of, 193.

wrought-iron, 196 (pi. 24).

curves, 179.

cuttings, 182 (pi. 26).

disposing of materials, 182.

slopes of, 184.

stability of, 184 (pi. 24).

systems of, 1S3 (pi. 24).

drainage, 184, 185, 208, 209
(pi. 24).

earthwork, 181, 182.

embankments, 182, 183 (pi.

24).

foundation, 181.

grades, 182.

gradients, 178.

machinery, 183, 186 (pi. 27).

permanent way, metallic, 196,

197 (pi, 241.

planning, 177, 181.

preparatory work, 181.

rail at curves, iSo.

rails and fastenings, 198-204

(l>'s. 24, 25).
supports for, 192 (pi. 24).

retaining walls, 184, 185 (pis.

24, 26).

roadbed, 191.

ball.-i.st, 192.

materials, 192.

stone supports, 196 (pi.

24).

surface breadth, 184.

road-crossings, 209.

-divisions, 203, 209.

route, selection of, 181.

Railroad construction, sleepers,

metallic, 196.

stone, 19b (pi. 24).
stations, 2 10-2 1 4( pis. 28, 29).
stringers, 195 (pis. 20, 24).
tools, 182.

track-width, 180.

tracks, number of, 180.

tunnels, 186 (pis. 26, 27).
turnouts and switches, 204-

206 (pis. 24, 25).
first passenger, date, 1 73.

in the U. S., 175.

inclined plane, Kulmbach, 185
(pi. 26).

inspection, rules, 203, 204.
laying out a, 177.

lines, branch, 178.

trunk, 178.

mileage table, 177.

systems, growth of, 176.

track surveillance, 2IO.

traffic, classification, 177.
Railroad, Ijaliimorc and Ohio,

176, 259, 263, 264.

and Susi|Uehanna, 258.

Huston anil Maine, I97.

Hrenner Tass, drainage of, 581.

Brussels and Mechlin, 175.

C'allao, Lima and Aroya, 230.

Charleston and Hamburg, 176.

Commentary-Gannat, 265.

I^claware and Hudson dnal
Co., 176.

Denver and Rio Grande, 272
(1>I. 44)-

Galveston, Harrisburg and San
Antonio, 264.

Hamburg (Pa.), 176.

Harlem, 244 (pi. 37).
I-ehigh Valley, 360.

Manchester and Liveriiool, 174.
Mauch Chunk. 175.

Newport and Cincinnati, 263.
Northern Pacific, 230, 265.
Nuremberg and Furth, 175.
Oroyo, Peru, 264 (pi. 45).
Pennsylvania, 201, 203, 212,

213, 218, 220, 222,224,
226, 228, 244 (pis. 29,

3'.32)-
rail connections, 204 (pi. 25).
road-bed, 204 (pi. 25).

sample track, 204 (pi. 25).
Quincy, 175.
Reading, 250.

Roanne ami Lyons, 175.

Saxon- Havarian State, 255.
Silcsian, 255.

St. Paul and Omaha, 267.

Stockton and Darlington, 173,

'74 (pl- 23)-

Transandine, 230.

Union Pacific, 23 1 (pi. 34).

(See Railway.)
Railroads, 170-246 (pis. 22-38).

early, in lielgium, 175.

in France, 175.

in Germany, 175-

in Cnile<l Slates, 175.

history of, 170-177.

narrow-gauge, 180.

Railway, A lleneck- HaUminden,
213 (pi. 28).

Austrian, .\onhwc»tcrn, 263.
Bavarian Stale, 196.

Chester and Holvhead, 258 (pi.

43)-
Cincinnati Southern, 263.
Crawford and High Peak, 233.
Erie, 250, 264 (pl>. 38,45).
Glasgow Siiulhwcstcrn, 255.
Great Indian Peninsula, 211.

Hanover Sl.ate, 19S (pi. 24).
Intercolonial, Canada, 262n.
Lyons, 196.

Manchester and Liverpool, 174,
225.

Metroixjlitan elevated, 244 (pi.

35l.
Mt. Rigi, 234.

Washington, 233, 234 (pi.

34).
New Orleans and Carrollton,

240.

Northwestern, London, 232,
260.

Orleans, 265.

Rhenish, 276, 277 (pi. 39).
Servian, 261.

Taunus, 196.

Turin-Genoa, 230.

Vitznau, 234.
Railway bridges, American, orig-

inal, 261 n.

car, American, 220 (pi. 31).
English, 220 (pi. 30).

German, 221.

electric, first, 241 (pi. 36).

passenger, 241.

elevated, 245.

Meigs', 244 (pi. 35).
ferries, 276, 277 (pi. 39).

Homburg-Kuhrorl, 277.

Lake of Constance, 277.

inclined-plane, stationary cable,

230.

pneumatic, 232.

Beach, 233 (pi. 37).

passenger. Crystal Palace,

232.

Ix>ndon, 232.

jx)st-line, wire-ro|>e, 235.

ship-, Eadss, 321-323 (pi. il).
•' Switchljack," 230.

system, mountain. Fell's, 233
(pi. 26).

underground, I/>ndon, I91.

wire-rope, 235 (pi. 35).

"telpherage." 236 (pi. 35).

systems, cable traction, 239,

240 (1>1. 37)-

electric, 241.

mountain, 233-235 (pb. 26,

34)-

street, 238-246 (pis. 37, 38).

telpher line, Glynde, 236 (pi.

SSI-
train, first English passenger,

174 (pi. 23K
trains, telegraphing from, 360.

travelling, American, 222.

underground, the, 245.

Arcade, 246 (pi. 37).
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Railways, atmospheric, 23 1 (pi.

36).

cable, 171.

in American cities, 24a
iucliiicil, 229, 230 (pl. 34).

street. 239 (1.1. 37).

city, sleamniolors on, 240.

and Miliurban, 23S-246 (pis.

37. 3S).

"coasting," 244 (pi. 36).

electric, 241 {y\. 36).

in lLUix>|>e, 242.

in o|K.'ralion, 242, 243.

elevated ami umlerground,

cumiored, 245.

modern, 244 (pis. 35, 37).
primitive, 235.

gravity, 244 (pi. 36).

htir>e, 23S.

inclined pl.-inc, 229 (pi. 34).

niuuniain, 233 (pi. 26).

lucumulive^, 233, 234.

passenger, city, 23S (pi. 20).

po.-.t-linc, 237 (pl. 35).
j)o>t-ru.id, 235.

primitive, motive power, 171.

tiactiun, cable, 239 (pl. 37).
Rainfall, 293.

cause of, 292, 293.

Ramsey car-transfer device, 180,

207 (pl. 31).

Random-stone foundations, 281
(pl. SO).

Ravines, formation of, 294.
keyisicr, telegraph, first Morse,

347 (l'l-58).

Rei.s, Philipp, 362.

Reiser, 345.
Relays, telegraph, 347 (pl. 57).

Renard and Krel>s, 375, 376.

Re|>air-sht.|is, railroad, 214.

Reservoir, Quaker Dam, 342.

Reser>'oir?, water, capacity and
cla-sses, 341.

storage, 340.

Riggenb.ich, 234.

Rigi-Kaltbad, 234.

Ringu'alt, Luther, 167, 168.

"Rip-rap" foundations, 281 (pl.

SO).

Ritchie, 346.
kiltenhousc, David, 367.
River, the, delined, 293.

channels, moditication of, 294.

Iransix.nation and deposition

of materials, 294, 295.

currents, velucity, 294-296.
registering instruments, 296.

deltas, 294.

embankment.'!, 297, 298.

engineering, 292-304 (pk. 5s,

57)-

navigation, conditions for, 301.

stream, measurement of, 295,
2g6.

necessity of controlling, 295.
streams, straightening, 300.
surface-levels, 294.
water, 338.

Rivers, 292, 293.

changes in, continual, 295.
correction of, 300.

Rivers, defensive works of, 297
(!'' 57)-

drainage-areas of, 293.
oD'ensive works of, 298, 299

(pl- 57)-

rock obstructions in, removing,

3o> U'l- 55)-
Road construction, earth, 150.

rollers, 160 (pl. 20).

steam, l6o (pl. 20).

Road-bed of city railways, 238 (pl.

20).

railroad, 192.

and track, maintenance, mi-

portance of, 203.

Roads, artilicial, ancient, 149.
Carthaginian, 149.
ChincAC, 149.

Grecian, 149.
Roman, 149.

construction, 149,
sacred, 149.

Roads and streets, I49-162 (pis.

20, 21).

corduroy, 150.

earth, 150.

gravel, 152.

macadamized, 151 (pl. 20).

modern, 149.

first, tso.

paved, 155-158 (pis. 20, 21 ).

materials, 155.

plank, 150 (pl. 20).

trafhc and maintenance, 153,

JS4-

relation of animal force to,

'54-

stone, 150 (pl. 20).

deterioration of, 153.

preparation of material, 158.

Telford, 151.

width of, 154.

Roadway, bridge, iron, 260 (pis.

'4.-!. 45)-
wootlcn, 249 (pl. 39).

Robert Brothers, 366, 367, 369.

Robertson, 354, 368.

Rockaway, 166 (pl. 21).

"Rocket," locomotive, 174, 176.
" Rocking-bearing," 260 (pl. 43).

Roebling, John A., 270, 27 1.

Washington A., 271, 290.
" Roller-be.iring," 260.

Rollers, ro,nl, 160 (pl. 20).

steam, 160 (pl. 20).

Ronalds, Sir I'rancis, 345.
Round-hou.ses, railroad, 213 (pl

28).

Rozier, Franpoise Pilltre de, 366,

367.
Rubble-stone pavement, 156 (pl

21).

Running-gear, carri.ige, 164, 165
Rziha, 287.

Safety-gates, railroad, 209 (pl

28).

Salva, D. F., 345.
" Samson-jKist," 334.
Samuiln L!ruilien>, 231.
Sand pile, 282.

pump, artesian well, 333.

" SansiKircil " locomotive, 1 74.
Sargcant, 237.
Sauv.ige, Nicolas, 166.

.Saxby, 227.
Scaffoldings, bridge, stone, 254

., ,.„ 'I''- 39)-
Schiffler, 198.
.Schilling, 346.
Scliwedlcr, 259.
Schweigger, 346.
Screens, gravel, 159 (pl. 20).
Screw pile, 282 (pl. 50).
Seely, 194.
Seguin, 175.

Semaphore signal, Gregory, 225.
Koyl, 225 (pl. 25).

Sewage, disposal of, 329.
for irrigation, 329.

Sewerage in cities, 326, 327.
I.icrnur system, 326.

Sewers, cleansing of, 327.
construction of, 326 (pl. 57).

Shaft-sinking, 285 (pl. 50).
freezing process in, 290 (pl.

50)-

method of .St. Denis, 288.

Shafts, masonry, 2S5.

Shaw, Thomas, 2S3.

Sheet-piling, 280, 2S1 (pl. 4I).

Ship-canals, 317-321.
railway, Eads's, 321-323 (pl.

5')-

Shore, river, 293.
Short, 243.
Shovels, steam, 183 (pl. 27).
Sidewalks, 158.

Siemens, C. \V., 197, 241, 348-
352-

Lieutenant W., 357.
Signal-bell, electric, railway, 350

(I'l- 57).
code, railway, 228.

semaphore, Gregorj', 225.
Koyl, 225 (pl. 25).

station, 204 (pl. 25).

switch and, interlocking, 227.

bender, 227 (pl. 28).

system, " block," 226 (pl. 25).
Hall, 227.

Saxbv and Farmer, 227 (pl.

28).

Stephenson's, 225.

Union .Switch and Signal

Company's, 227.

towers, 227 (pl. 25).

Signals, railwav, classes, 225 (pis.

25, 28).

conductors', bell, 229.

lamp, 229.

distant, 227.

switch, 204, 227 (pis. 25, 28).

train, 228.

whistle, engine, 229,

Siimm, I'leire, 175.

Sir])ea (vehicle), 163.

Sleeper, Vautherin, 196, 197 (pl.

24)-

Sleepers, railfnad, metallic, 196.

stone, 196 (pl. 24).

Sluice-gates, 310.

syphon, 314 (pl. 52).

Sluices, 310 (pl. 57).
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Smith, Charles S., 264, 272.
Robert, 360.

Siiow-piuughs, 224 (pi. 30).
sheds, 224 I pi. 34).

Suinmeiller, 1 89.

Sommering, 345, 346.
Sprague, 242.

Spring, butler, 2l8 (pi. 30).
Spring water, 338.

wells, 330.
Springs (water), 292, 293.
Springs, car, 217 (pis. 30, 31).

carriage, 168 (pi. 20).

vv.agon, 167 (pi. 21).

Sprinklers, street, 162 (pi. 20).

SpudJing, T,^^.

.St. Denis, Fleur, 288.

Stage-coach, English, 166.

Stand-pipes, 341 (pi. 52).

Station, railway. Canon Street,

London, 227.

Euston Sijuare, London, 232.

largest in the world, 211 (pi.

29).
signal, 204 (pi. 25).

terminal, Bombay, 211 (pi. 29).

Frankfort-on-the-Main, 212
(pis. 5, 29).

rhiladelphia, 212 (pi. 29).
Stuttgart, 21 1 (pi. 28).

underground, 191 (pi. 26).

Stations, railroad, classes, 210
(pis. 28, 29).

freight, 213 (pi. 28).

intermediate, 213 (pi. 28).

termin.ll, 211 (pis. 28, 29).

watering, 214 (pi. 28).

Steam-carriage, Cugnol's, 171 (pi.

22).

dredge, Evans's, 172 (pi. 22).

engines, Watt's, 171.

high-pressure, early investigator,

23'-

Sleinheil, Karl A., 346, 347.
Stephenson, George, 173, 1 74,

216, 225, 258, 260.

Robert, 198.

Stevens, F. W., 212.

John, 199.

Stohrer, Emil, 353, 354.
Stone, General I.e Koy, 238.

Stone-crusher, lilakc, 158 (pi. 20).

roads, 150 (pi. 20).

Stones, paving, 155 (pis. 20, 2l).

" Stourbridge Lion," locomotive,

176.

Street-sprinklers, 162 (pi. 20I.

sweepers, i5i (pis. 20, 21).

Streets, paving of, 155-158 (pis.

20, 21).

roads and, 149-162 (pis. 20,

21).

Stringers, 195 (pis. 20, 24).

Sturm, 364.

Suburban railways, 238-246 (pis.

37. 38).
Surface-levels, river, 294.

Surrey (carriage), 166 (pi. 2l).

Swamps, 323.
Switch and signal, interlocking,

227.

point, 205 (pi. 25).

Switch signals, 227 (pis. 25, 28).
stands, 206 (pis. 24, 25).
.stub, 205 (pl. 25).

"Switchback' railway, 230.
Switches, 204-208.

cross-, 205 (pis. 24,28).
safely, 206 (pl. 25).

System, canal-towing, Belgian,

230.
railway, cable traction, 239, 240

(pl- 37)-
electric, Julien, 242.

Sprague, 242.
street, modified, 239.
wire-rope, 235, 236 (pl. 35).

signal "block," 226 (pl. 25).
Systems, car, English and Amer-

ican, 220.

drainage, open, 324,
covered, 325.

irrigation, 328.

railway, electric, 241.

mountain, 233-235 (pis. 26,

34).
street, 238-246 (pU. 37, 38).

sewerage, 326, 327.
telegraph, classes, 344.

T CART, 166 (pl. 21).

Trail, 171, 199 (pl. 24).
Tachometer, 296.

"Tally-ho" co.ach, 167.

Telegraph armature, 348 (pl. 57).
batteries, 348.
battery, voltaic, 345.
circuits, 349.
current, Stcinheil's discovery,

347-
keys, 349 (pis- 57. S^)-
multiplier, 346.
register, modern, 347 (pl. 58).

.Morse, 347 (pl. 58).
relays, 347 (pl. 57).
plug commutator, 349 (pl. 57)-

Telegraph alamis, 350 (pl. 57).
cable, Thomson's, 351 (pl. 58).
chemical, 353 (pl. 57).
dial, Brdguct, 352 (pl. 57).

Siemens, 351 (pl. 57).
Wheatstone and Cooke's,

352 (pl. 57).
electric, Le Sage, 345.

Lomond's, 345.
origin, 346.
Salva's, 345.

electro-magnetic, first, 346.
Gau.ss and Weber, 346 (pl. 58).

Morse, first, 347 (pl. 58J.
needle, Steinheil's, 347.

Wheatstone and Cooke's,

350 (pl. 57).
pan, Ca.selli's, 354, 355 (pl. 57).
printing. Bain's, 353 (pl. 57;.

Morse, 352 (pl. 57).
Stohrer' s. 353.
type-. House's, 354.

Hughes', 354.
V,iirs, 354.

Sommering's system, 345.
Steinheil's, 346 (pl. 58).

"Stock I'rinler," 354 (pl. 58).

Telegrai)h, cable, first, 358.

Telegraph cables, construction,

358. 359. ipl. 57).
iniluclion, 360, 361 (pl. 59).
line, first experimeulal, 347.
poles, 204, 356.
submarine, first, 358.
underground, first, 357.
wires, overhead, 356.

undergrounil, 357.
Telegraphs, 344 (pis. 57-59).

acoustical, 344.
cable, transatlantic, 358.
dial, 351 (pl. 57).
electric, first, 344.

classes, 350.
electro-magnetic-needle, 346.
facsimile transmission, 354.
hydraulic, 344.
military, 362.

needle, 350, 35 1 (pl. 57).
optical, 344.
pneum,atic, 344.
printing, 352 (pl. 57).

t)!'*-. 353. 354.
submarine, 357.
underground, 357.

Telegraphy, field, 362.
train, 360, 361 (pl. 59).

Telephone, the, 362 (pl. 59).
extension and improvement,

362.
principle of o|)eration, 363.

Bell, 362 (pi. 59).
exchange, 363.
long-distance, 363.
mu.sical, Reis's, 362 (pi. 59).

Telford, Thom.Ts, 151, 257.

Telpher line, 236 (pl. 35).
"Thalweg," 296.

Th<in.ird, 310.

Thilmany process, 195.

Thompson, L. \., 244.

Thomson, Sir William, 35 1.

Thurston, Robert IL, 172.

Tile pavements, 156 (pl. 20).

Tire, carriage, 165.

continuous, origin, 165.

Tissandier, 375.
Tools, artesian well, 332, 334 (pl.

53).

Torpedoes, railway, 228.

Torricelli, 364.

Towage, cable, 303 (pl. 5 1
).

canal, 312, 313.

chain, 302 (pl. 39).
steam, 302.

systems, employment of, 303,

Tow-boat, steam, 302 (pl. 39).

Towers, signal, 227 (pl. 25).

Town, Ithiel, 248.

Traffic, canal, decline of, 312.

railroad, classification, 177.

Trainsignals, 228.

telegraphy, 360 (pl. 59).

Trains, passenger railway, Amer-
ican, early, 176 (pl.

23).

Tramway, Caledonian, 24I.

first, 171.

Nantes, 24I.

Tramways, 238-246.

early, construction, 1 71.
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Transfer, c«r. 207 (pi. 31).

rannl'bual, 319 (pi. 52).

lalilc, 200. 207 (pi. 28).

Transit, ra|>iit, in cities, 246.

Tranimii^iun, wire-rope, 235 (pi.
^

35)-
i

electnc, 236 (pi. 35).
Transom, wagon, 166.

Trans|X)natiun, inland, 302-304. 1

Traulwine, Juhn, I S3. 1S6, 187,

202, 216, 256, 259n,

282, 2SS, 307.
'• Tremie," llie, 284.

Tresaguct, 150, 151.

Trestle tiriilge, wmnien, historic,

250 (pi. 38).

Trestle-bridges, iron, 264.

wooden, 250 ipl. 38).

viaducts, iron, 264 (pis. 42,

45).
Trestles, bridge, wooden, 249 (pi.

39)-
Trevilhick, Richard, 170, 173.

Triger, 286.

Trucks, car-, American, 215 (pi.

3>).

Truss bridges, 247, 248 (pis. 39,

43)-
iron, 259 (pi. 45).
wooden, early, 249 (plE. 38,

42. 44)-'

construction, terms used in,

259n.

Tschokke, 234.
Tube, ritot's, 296.

Tunnel, Arll>erg, 190.

Blasy, 190.

canal, 313 (pi. 52).

De la Ncrthe, 190.

English Channel, 19I.

Ilauenslein, 190.

Hoosac, 190.

Hudson River, 191.

Kilsby, 190.

longest, in the world, 19O.

Mont Ceni.s, 189, 233 (pl. 26).

St. Gothard, 190.
" Slam()ede Pass," 230.
Stand Edge, 190.
Sulro, 190.

Thames, 1 88, 189 (pl. 26).

Tunnel construction, 186 (pis. 26,

27).

blasting compounds, 18S.

comparative cost, 190.

excav.-ition, 186, 187 (pl. 27).
grading, 186.

machinen', 1S8, 189 (pis. 26,
27).'

shafts, 1 86.

subaqueous, 187 (pi. 27).
timbering, 187 (pis. 26, 27).
ventilation, 1 86.

Tunnels, ancient, 189.

modem, 189.

necessity for, 186.

railway, principal, 190.
projected, 191.

Turnouts and switches, 204-208
(pis. 24, 25J.

Turntables, 206, 207 (pis. 28, 31).

UnoMETER (rain-gauge), 293.
Underground railways, 245, 246.

Vaci'I'm pr(x:ess, 273, 286.

Vail, Alfred, 354.
Valves, pi^K, water, 344.
Van Ueixwie, 243.
Vassou, 364.
Vaulherin, 196.

Vehicles, 162-170 (pis. 20, 2l).

animal i^wwer for, 169, 170.

construction of, 164.

moilern, classes of, 166 (pi. 21).

origin, 162.

tractive force, 167.

weights of, 169.

Vehicles, Egyptian, 162.

English, 164.

French, 163.

German, 163.

Greek, 162.

Roman, 162.

Ventilation, car, 222.

tunnel, 1S6.

Viaduct, Ballochmyle, 255.
Calvine, 256 (pl. 41).

Cdre, 265.

Chaumont, 256.
Creuse, Bosseau d'Ahun, 265.
C'rumlin, 264.

Elsterthal, 255, 256 (pl. 41).
Goeltzschihal,255, 256(pl.4i).

Iglau, Eibenschiiss, 265.
Kinzua, 264 (pis. 42, 46).
Maidenhe.id, 255.
Nogeni-sur-Marne, 255.
Pont du Jour, Paris, 256 (pl.

4>)-

Rio Pecos, Texas, 264.

SaOne, Freiburg, 264.

Servian Railway, 261.

Verrugas, 264 (pl. 45).
Viaducts, American, 264 (pis. 45,

46).

European, 264.

stone, 255, 256 (pl. 41).

trestle, iron, 264 (pis. 42, 45).
wronght-iron, finil, 264.

(See Briil^es.)

Victoria terminal buildings, Bom-
bay, 211 (pl. 29).

Vignoles, 199.
Vivian, Andrew, 172.

Volk, 242.

Volta, Alessandro, 345n.
Voltaic pile, 345.

WAGON-niiii.DiNG, improvements
in, 168.

farm, English, 166 (pl. 20).

running gear, 165 (pl. 20).

springs, 167 (pl. 21).

Wagonette, 166.

W.-igons delinctl, 162.

Walls, retaining, railroad, 184,

1S5 (pis. 24, 26).
training, 297, 298.
quay, 298 (pl. 57).

Washburn, 216.

W.-iter, 337-344-
consumplion of, in cities, 338.
distribution, a(|ue<lucts, 342 (pis.

52.54)-
pijje systems, 342.

filtration, 339 (pl. 52).
hard and soft, 337.
level gauges, 296.

P'l«s, 343 (pis. 52, 54).
canal, 313.

quality of, 337.
river, purification, 338.

SP""B. ll'i-

storage reser»'oirs, 340, 341.
supply, 330 (pis. 52, S3).

London, 341.
reservoirs, 340, 341.
sources of, 292, 338.
sland-pijies, 341 (pl. 52).

system. Holly IJircct, 331.
Watershed, or tlivide, 293.
Watt, James, 171.

Weir, waste, self-regulating, 314
(pl. 52).

Wellhouse process, 195.
Wells and well-boring, 330-336

(pl- S3).
Weltli, 235.
Wernwag, Louis, 249.
Wesiinghouse air-brake, 219 (pl.

30-
"West Point" locomotive, 176

(pl. 22).

Wheatstone and Cooke, 347, 350^

352. 354-
Wheel in relation to load, 169.

Wheels, car, 215 (pis. 22, 30).
cast-iron, chilled, 216.

comjxjsite, 216 (pl. 30).
disk, 216 (pl. 30).

pa]ier, 216 (pl. 31).
street-railway, 239.
tires, 217.

chariot, Egyptian, 162.

Greek, 162.

construction of, 164 (pl. 20).

w.agon arrangement and size,

1 68.

Whirlicotes (vehicles), 164.

Whitechaiicl (carriage), 166.

Whiiehouse, 354.
Wilcox, James, 367.
Wires, overhc.-id, 356.

and supixirls, telegraph, 356.
underground, 357.

Wohler, 262.

Woltmann, 296.

Works, drainage, 324.
hydraulic, defensive, 295, 297

(pl- 57)-
earliest, 278.

foundations, 278-292 (pis.

4", sol-

offensive, 295, 298 (pl. 57).
irrigation, 328.

jetty. South P.iss, 299, 300 (pl.

55)-

"York" locomotive, 176.
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